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THE SCIENCE 


By Professor HOWARD T. BARNES 
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He science of ice engineering has as 
formations 
vers and lakes, and the prevention 
removal of ice Jams; the assistance ol 
winter navigation; the control of snow 
nd frost when and where desired; the 
assistance mn the Winter operation Ol 
wer houses; the opening ol channels 
nro igh pen STOCKS Or power canals, and, 
1 fact, to consider means by which all 
troubles may be better understood 
d finally solved. 
The treme ndous cost of ice and snow 
to this country may be summarized as 
lows: ice jams with disastrous flood 
ng: shutting down and crippling of 
power plants; closing of canals and river 
systems in the north; delays caused by 
the snow and ice in the operation of rail- 
ways, motor cars and aeroplanes, and the 
destruction of telephone and telegraph 
nes from sleet and snow, ete. To save 
even a small fraction of the loss in these 
nstanees would result in many millions 
of dollars and certainly justifies the at- 
tention and study which may be devoted 
to it. For the past thirty-five years it 
has been the writer’s contention that a 
proper scientific study of ice would re- 
sult in a method for overcoming and 
disadvantages to all 
As the population 


minimizing the 
, northern countries. 
nereases it becomes more and more 1m 
ortant to consider these questions, since 
the full development of the northern 
areas of the world must depend upon the 
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rik FIRST THERMIT HEAT UNI 
' ( N ICE J WADDINGTON, N. Y., IN 1925 Dre. H. B 
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almost instantaneously by the light of 


the sun and becomes very sensitive to 
small temperature changes in the water. 

The light of the sun produces a direct 
action on the ice particles as well as an 
indirect action on them by warming the 
water. There are two ways that the 
frazil fog ean be dispelled: one is 
through this direct action of radiant 
energy destroying the agglomerating 
properties of these colloiding ice par- 
ticles; and, second, there is the action 
of the heat in warming the water, ele- 
vating the temperature, and thereby 
mechanically acting on the particles of 
ice by melting them. Radiant energy, 
such as supplied by the early morning 
sun, will loosen solidly frozen ice erys- 
tals and cause small ice particles to 


disappear. 
LIMITED ICE-FORMING POWER 


Water may be exhausted of its ice- 
forming power, as has been proved by 
experiments recently conducted in our 


Ice Research Institute at Mom 
Ontario. In these experiments w 
a tank was cooled at a tempe 


to fifteen degrees be low tree hg 


the expiration ot a certain iengt 


time ice was extracted and m 


and the water allowed to produc 


ice for a further period. 

As an example of what happer 
result of one experiment showed t! 
first half hour vielded a full pa 
It required, however, a whole hour 


wards to produce another full p 
ice. Two hours more were requ 
produce a third of a pail For 


hours afterwards no ice was prod 


t ? ay 


This extraordinary result ea 
plained on the colloidal theor , 
difficult in the short space of this ; 
to go into the theory adequate!) 
evident that a nucleus is requires 
colloidal ice mass, and after ex! 
these nuclei, the formation of 
ice is rendered difficult. This s 
will be treated fully elsewhere 
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CALCIUM CHLORIDE OPENS CHANNEL IN ICE FOR MORRISBURG FERR 


the ice from the deeper portio 
cover the surface 

The formation of surface a 
study in itself and eat not bh 
treated her Its growth is exce 
slow after it has achieved 
depth, and it is interesting 
the formation of the ervstals 
by the accumulation by aver alt 
he under side ver 


like stacked Chinese coins. Ver 
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ol ice disks on 


Suriace ice eradua \ hecome B Ct rst 
structure, owing to the fact 
large erystals consume the sn 

This is noticed also in old ela 
accumulations After many 
eontinual cold The o1aciel 
coarse-grained and the snow n 


granular in structure 








Of the factors whiel eont 
towards the formation of ic 
edly the most important is 
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radiation, Causing ice Growth DP 
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of the facet that water 1S a 
tor of heat, and in winter loses its 


tribution of 


ice flow in an open stream, laster than lt receives solal 
for the greater abundance of ice from Wind agitation. surface disturb 


the shallower portion has passed before rapids and waterfalls, deficien 
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Thermit, which has come to be known 


generally in its work with ice, is not in 


any way explosive, but when properly 


ignited reacts vigorously, generating 
very high temperatures and producing 
extremely hot liquid This heat 


causes the ice to split into its constituent 


steel. 


parts, hydrogen and oxygen, with explo 
sive violence, and thus the energy of the 
reaction is confined and held underneath 
the surface. The oxygen is mostly fixed 
by the iron of the thermit to form oxide 
again, while the hydrogen is liberated as 
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By Dr. W. K. FISHER 
RECTOR OF THE HOPKINS MARINE STA 
Ropert Louis STEVENSON aptly com- marine biological laboratory in « 
pared the curve of Monterey Bay, Cali- tion with a new university of ¢ 
fornia, to that of a fish-hook, with old) promise, was the example of A 
Monterey bordering the sheltered bight Dohrn’s Naples aboratory, While 
at the south. In the adjacent town ot greatly impressed Mr. Hopkins 
Pacific Grove, near the ‘‘barb,’’ is the  Penikese experiment of Agassi: 
Hopkins Marine Station. Hard granitic Dr. Jordan plaved a part at a fo 
rocks interspe rsed with short beache S Stage ot his eareer The com} 
characterize this portion of the coast, as these four men was a peculiar 
well as the rugged littoral to the south. one—all voung, enthusiastic, « 
For forty miles to the north of Monterey ing an essential part SO 
is a long sweep of sand representing the started. After thirty-eight vears 
shank of the hook. In places back of significant pe rhaps that the 1] 
this are quiet meandering sloughs with Marine Station more nearly 1 
zostera and a rich permanent tauna of the Naples Station than it does 
mud-loving animals. Low, pine-clad its other predecessors—but with f 
hills separate the harbor of Monterey — essential to its organization as pa 
from Carmel Bay, a few miles to the university. One of its buildings 
south. the name of Agassiz’ son, and it is 
Four names are inseparably asso- hoped that those responsible for 
ciated with the founding of the Hopkins’ the younger generation have not 
Seaside Laboratory in 1892: Timothy ten the Penikese ideals so abl; 
Hopkins, David Starr Jordan, Oliver preted by Dr. Jordan. | 
Peebles Jenkins, Charles Henry Gilbert. The present station dates from 19] 
Back of the obvious desirability of a and is due to the vision and enere 
' 
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LOW-TIDE AT THE STATION POINT 


esident Rav Lyman Wilbur, who was” known as China Point. fr ( 
Si student at the Seaside Labora ene n old and pieturesque Chin 
The land and the two wooden | fishine re, wiped out b ( 190 
cings ot the original institution be Near this site stood the dif el) 
quite inadequate A new site was’ Labo ' which Jaeques Loeb eo) 
osen, Which by subsequent purchases tinued work begun at the Hopkins Sx 
is augmented to about eleven acres side Labor ry 
ll of what was formerly In 1917, while the f vas 


S COMPrises all 
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THE RI l) SOUTH OF MONTEREY BAY 


TEEMING WITH ROCK-—-LOVING SPECIES 


Gai COAN'] 


reet current up to 200 volts; bat The der building the \lexandet 





‘urrent to 90 volts In the lara (Agassiz Laboratory, houses those of the 
boratories provision is made to var staff concerned with the hydrobiolog 
e current at almost every outlet, and survey of Monterey Bay and with the 
eCClally constructed hoods with outlet more 1! ditional ines ol researe! 
trols inerease the usefulness of the zoology and botany This building 
ms. Sea-water is conducted through contains the general laboratories 


mon free lead pipes to a reservoir wh ch most ol rhe unc roraduate Classes 


10,000 gallons’ capacity situated on are heid during the spring and summe 
elevation of rocks whence it is fed by quarters 

ty to the aquarium tables and sea Since 1918 the station has been oper 
ter outlets in the laboratories. In the during the entire vear, and it now mai 
struction of this system the use of tains a resident staff of eight specialists 
er and metals other than lead has’ in addition to three technical assistants 


avoided. <All aquarium tables aré a seeretarv and a mechaniclan The 
ped with several air pressure out 
(ne room is designed for perm summer hy members of the school of 
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set-ups, such as potentiom« ers hioloe 0 Stantord Ln versity, and 
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usually by a few biologists from other 
institutions. The staff tenders facilities 
to visiting investigators, furnishes grad- 
uate and undergraduate work in biology 
and maintains a permanent program of 
research. 

During the last two decades it has 
grown increasingly evident that the 
biologist can no longer pose as a physi 
cist, a chemist, a bacteriologist ; nor is a 
successful anatomist, embryologist, tax- 
onomer and oceanographer likely to 
reside in one person. A research institu- 
tion committed to hydrobiology, oceanog- 
raphy and the multifarious ramifications 
of experimental biology can not function 
without the aid of specialists. 

An enumeration of projects under 
way or planned for the immediate future 
would suggest the seattered blocks of a 
mosaic rather than a finished picture. 
The research program in a general way 
eoncerns itself with oceanic biology. 
This work ineludes a_ hydrobiological 
survey of Monterey Bay which is being 
earried out with the cooperation of the 
California Fish and Game Commission. 
Special attention is being paid to the 
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SkEA-ANEMONES 


relations between the ore SI] 
environment, including a cons 
ot the composition Of sea-watel 


tion to equilibrium with solute 


developmental histories of fishes 


pelagic eggs is being given m 
sideration, as 1s also. th eco 
plankton organisms. A 
importance is the elos prox 
depths as great as a thousand 


; 


It is therefore confide nth, expect 
the pha slology ot pigments al d 
nescent matter of deep-water org 


; 


and certain features of thi 





these same creatures will b 

for study in the near futur 
physiological program comprises 
characterization of the environme! 
relation to varying groups of org 
more especially those iving ! 
normal environment. The project 
cludes the determination of th 
conditions of life and of various ext 


circumstances in order to learn s 


; 
yi 


thine about the meaning 
normal environment of the oceat 


eral problems connected wit! 





bacteriology occupy the attentior 
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Diage OL micro-organisms ot the ope toa 
Many animals are permanent! nomic work ret 
tached, or have dug in, and must have ore much good mate) e) 

ther food broug! t to them by tne watel ment wort VW 1h ( \ 
Groups which especially give character  hydrobiologie ve 
to the fauna are the sponges, anemones — tunities will increass 

: polyclad, nemertean and annelid worms studies on the ecology and s} 
sea-Stars and SCa urchins, brvozoans ology ol der p-sea tal { oral 
mussels, chitons (upward of fifty spe The harvest is big but the har 
eles) and gastropods, the higher crus- are few! 
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THE DEVELOPMENT OF AGRICULTURE 


By Dr. WALTER HOUGH 


THE period of culture at which men the surtace r t ( 
vather together into communities Is nec Instance, ow and l 
essarily variable. It will be seen that it farmer 
may depend upon the stage of advance, It is seen at once 1 
natural mental or physical qual fications, came tillers of the soul 
favorable or unfavorable environment, tunity did not come u 
war, disease, repression by hnelg horing race, because many 
peoples and other causes that may he have not vel vraduated t 
recognized. With all that can be placed of farming. This Is becaus 
on the debit side it is found that over brought out. there were so 
coming all suggested obstacles the condi drances on the way u 
tion of solveney appears with agricul While it is evident 
ture The difficulties of the struggle ers began agriculture on contine) 
upward perhaps can never be known and = areas, and as pointed out 
it is necessary to gather illuminative data Oxtord, under set 
from tribes that might or might not where the repressive cf 
progress on lines of advance. Therefore vegetation are not present 
a long period may be predicated before was greatly delayed when 
man reached a suitable field where agri the migrations of groups ! 
eulture could be developed. There ente1 a long period, befor 
here also the requirements ot the en ment tor the practice o I s 
vironment suitable for the cultivation ot reached In the earl ! 
the grain and food plants in possession Imagine that environment 
of the farmer. effective asa factor more or less 
In 1fS Interactions OL Man and cor 
LAW OF HUMAN NEEDS i lial he ce 
One portion of the law of human _— grated in search of environments 
needs is that man must have food on the’ able for his well-being. moving o1 
spot. Obeying the law, man has sub- leaving fractions that were statio 


‘ 


sisted on a variety of diets, depending grades of food supply below the 
upon the place where he is at the time, tural level or that present mixed 
taking nourishment from the game of the of agricultural and feral subsist 
waters or land, or being frequently a Examples in point are a prim 
vegetarian of a rather strict sort. Thus pendence upon fruitful trees and 
when man’s diet is examined into it is plants furnishing food, fiber an 
found that he follows out what physiolo- necessities, this phase exhibiting 
gists say about the evidence of his teeth, may be called unconscious cult 
that he is omnivorous. When the need The agave and cassava were im 


comes strongly to the front anything — subsistence plants in primitive Ar 


edible is acceptable. For this reason long before maize and it is p 
the subject of diet is important in observ- the date palm vrrowing mucl 
ing the habits of the races of man. the use of any cereal 

Mostly this is a curious and somewhat ee a 
superiorly amusing topic except to scien Internat. Cong. Americanists, Qu 
tists who are compelled to look beneath pp. 215-221. 


S04 





THE DEVELOPMENT OF AGRICULTURE 305 
(CONDITIONS OF SUBSISTENCE IN RE-AGRI- riean with hard lapor thell la 1 lal 
CULTURAL TIMES and sea for something to eat. 
At no time and in no environment is LINES LEADING TO AGRI 
hserved a purely animal subsistence. 
peerved & pm ‘ “fit ] Presuming largely that agricultur 
n ice and tr al areas, 1f 1t 1s allow- os a 
In iee and tropiea are 1 ' : hecame effective at the stage when 
ble to cite the habits of peoples living ber 
anche . > populations of favorable regions ri 
the high north as evidence, the food 7 ’ = ln 1 
A eee ee : a density that demanded Stal [ 
take was mixed animal and vegetal. oe oh ts ; | eg Poa 
‘i ° Ol SUDSISTeEnCe. ] is POSSLTDI¢ tO a Iti 
[his fact is reflected in the mixed denti- ., |. ; PA 
. °> > ad Lnat the art ol Uutlvation arose ¢ 
n of man and is also evidence of the lien tat ; 
t \ i { iT) rie SC ALIie T ) 
levelopment ol practical means to insure |. , shanDtmen 1 
. > ° . ress ba | i2@Ticu re ( SO 
the perpetuation of man by habituating 
e ° . = . Ss e ¢ I CT ppl lg ( ( Ss ( I 
1im to subsist in environments unfit for = the N : 
“ : Cer! l in e Neo} ( { I ( ( { 
ther animals confined by nature toa . my ;, — 
e assigned to this period In ; area being 
ype food supply. : ; 8 000 B.C Before this tim¢ imanity 
lhe food supply of the native inhabi- , 1 
‘ . al iot depend upon this D Indu 
tants of a north and south extending tr wn \ 
. ’ y . y¥ Vv I “4 AL Ai il I I y 
emisphere, as the New W orld, IS readily ’ , i | : 
' od be sald to 1 e beginr pel 
analyzed.2 The east and west lying Old er 
a oo ¥ manent and incalculable progr: 
World presents different problems more Ae wit] af 
. AS ith inventions that are seen com 
mplieated by nature and more varied, plete in t sade of edt 
Abs “? ‘ ete In the hands Ot man, one 1s tempted 
wing to the phases of domesticated ani- =a : ’ 
: 1 4] ; 4 7 to conjure up some genius who discovers 
lals and the possession ol 1e@ major ) 
“4 J agriculture, but on reflection t! s too 
grains. , + + +] +4 
oe ‘ _ easy, no O Say tne lazy way, om I 
ature being so tremendously prolific 4), | ad painted 
ne ong and pa itu SLEDS ¢ DD! 
in things not needed by man and chary me ‘ 
> eh : a . higl : that must be taken before an inventior 
»T T on > ve » ha oher ; 
: mG? - can ust lor the ugner can he De rfected. As TO T € OFTigil oT 
economics, it appears that root crops, ‘ ' 2 ot +] 
J : invention, Greek philosophers and other 
mostly polsonous without treatment by + } 1 4 
: wise men must have waved their hands 


fire, do not furnish a reliable basis for a a 14 ead 344 
age ; at the crux and attributed i > Daedalu 
populous or permanent civilization. It » Til 

, . bd : | y . nf 
is true that we find in the West Indies 


and a vast area in South America what 


s worthy. 
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nay be termed the cassava culture based Acriculture had a beginning. thoug 
on the root of the Manthot utilissima, but its earlier stages are not recognizable in 
even in localities where maize is an ad- the terms of present agriculture. It 
junct there has been produced no eivili- nee: ssary to regard the progress not as 
zation of importance in the progressive a definite aim, but a development in 
history of man. volving many factors, some of which ar 


Similar conclusions must be stated in pointed out, and coming to a consumma 
regard to the races subjected to meat and tion recognizable as agriculture with t 
fish diet. These, it will be observed, pre- cultivation of grain-yielding plants sucl 
sent interesting phases in the dietary and as rice. wheat. oats. barley, rve and 
economies of various races, but aid little maize, and the less ec nomically im 
in the floriation of culture. Such diets portant but highly valued k wominons 


a | id 
are characteristic of some of the side- plants as beans, peas and the like. The 
tracked sections of humanity compelled obscurity covering the history of the 
to observe the food law of nature and to domestication of these plants is not 


2**Handbook of the American Indians,’’ rivaled by that surrounding the ‘‘ lost 


Bull, 30, Bur, Amer. Ethnol., Article: ‘‘Food.’’ arts of the ancients’’ of literature 
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No attempt is made here to follow out 
a theoretical scheme as to the develop- 
ment of plants for economic use. It is 
understood that plants capable of agri- 
eulturation were finally selected and 
planted and brought forward in yield, 
pursuing the methods and deadwork of 
clearing, tilling, watching, representing 
the great labors antedating the harvest. 
It is surmised that the cereals were se- 
lected during the period of wild harvest- 
ing and that plants showing fruitfulness 
and perhaps a desirable flavor were 
planted when the agricultural phase of 
culture began to take on importance. 

The question whether the agricultural 
method arose independently with each 
basic ean be with confidence 
answered in the affirmative. 

On this topic the agriculture of maize 
conclusive argument. 
cereal was 


cereal 


in America is a 
This strictly American 
brought to economic perfection by in- 
digenous methods which conform to those 


applied to cereals in the Old World. The 
origin of maize cultivation in America 


is quite as obscure as is that of such 
basic crops in other parts of the world. 
Here in the western continent the ra- 
tional developments observed elsewhere 
are evident in the rise of advanced civ- 
ilization under the tutelage of maize. 

Selection of seed is well understood by 
aboriginal agriculturists still retaining 
the older phases of the industry. This 
feature was no doubt learned quite early, 
and largely by it agriculture of grains 
acquired more importance in furnishing 
requisite amounts of a chief staple that 
could be stored from harvest to harvest. 
The experimental selection of seeds over 
a long period gives in the result what 
Burbank accomplished in a few years by 
using the scientific mind on the experi- 
ences acquired by plants in the course of 
their life history. 


ENVIRONMENTAL CONDITIONS 


In the laboratory of nature plants 
come to represent the various reactions 
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arising from favora ul 
correlations in the environment 
reflect in their structures 

bad treatment they have receiv: 
past. In associations wit 

signed contacts are observ: 

orable to plant About 


of man in unused spots we 


luxuriantly than in 
In an enclosure, veget 


mally repressed by soil or anima 


mort 


areas. 


flourishes and, as around the 
begins in some cases to leave off 
protective devices. In a gal 
petition of wild plants wit! 
crop becomes at times fierce, « sp 
regions where the rainfall is 


upon to get results 

Personal observations in M 
village communities give the 
that in the seattered | 
little plot of ground we hav: 
of the early grouping of mar 
tory favorable for carrying out desig 


, , Y T 
experiments 


nouses 


and unintentional 
plants. 
(Opuntia sp.) was observed in 
yard, a proof of Burbank’s thesis 
plants react to protection. Ins 
condition the ancestor of maize ma} 


In one place a spineless ¢ 


shown variations which attracted 
early About 1914 
teosinte plant of Mexico was put t! 
a short course by Burbank and m 
produce ears of naked grain maiz 


gardeners. 


Plants coming into close contact 
man begin to exhibit potentialities 
losed by the sam 


fulness not dise 
cies in a feral state. The pla 
will be useful begin to show varia 
the way of better fruits and the ¢ 
off of disadvantageous acquired 
tive devices. 

At this period in human cultur 
acterized by a relatively great p1 
man focused upon plants the s 
knowledge which he had derived fr 
observations on the 
that is, had collected the data necess 
for their capture. In the phase w! 


+ 


habits of anil 











| 
eteristies ol animals were known, 
¢ essential to his existence. It may 
ssid that the animals that would sub- 


be domesticated were aire ady 


. hit + 
non account or tnell its to! Y 
] ] , + tag 
i Sel ( issead inter Stag 
ent lv, the unelvilized tribes I 
? 
mes not given cre T Oo! ‘ V 
. 1.3 1 ' 
of knowledge that tney possess 01 
] + lit + 1, wry Yr) nt 
pian ilit I tne! environmen 
. } + 
(only in recent vears has this ine Ol 
. 1 
selentifie inquiry been given the atte 
1] ] sat ; ‘ >} + 
ot at all adequate as v¢ \ en i 
inas. 


lhe Hopi Indians have what seems to 


yutsider a pretty conceit when they 

! l i plant ‘*the Mole his corn,’’ ‘*the 
Field-mouse his ecorn,’’ and the like, but 
reality there is disclosed here the keen 


} 


servation of the Indian on the natural 
subsistence of animals. How much this 
aided native men in the selection of 
On the other hand, 
the relation of animals and plants is an 


~~ 


ints is speculative 


nteresting study, in regard especially to 
the modification of species through the 
ministrations, or undesigned agriculture, 
of animals. It is evident that plants 

ive been brought far along the road by 
When man took 


hem up for practical purposes beyond 


other forms of life. 


ny previous uses, plants had diversified 


in such eharacters as_ fruitfulness 


rough the aid of insects and other 
hel pe rs in the wonderful partne rships of 


nature, 

It is probable from the above consider- 
ations that agriculture, which is now 
regarded as productive principally of 
cereal crops, was confined originally to 
garden plots to which plants more or 
less useful to subsistence were intention- 
ally brought and tried out. 


} 


Here it may 
e conjectured most of the vegetables. 
small fruits, trees and so forth accom- 
panying farming were developed further. 
The cereal destined to bring the crop of 
the highest economic importance to the 
greatest number of mouths doubtless de- 


subsistence Was important the 
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worked in a standing position, while the also marks the beginning of a og 
farmer sits or squats on the ground in _ period in agriculture. The uss 
wielding his stick, indicating a more plow was sporadic in contrast wit 
primitive method. In the Salt River general distribution of the digging s 
Valley the early irrigationists used a and hoe. Only when the condit 
blade-like digger, and in cliff dwellings increase of population and social o1 
and other sites sword-like digging sticks zation became important enough 
have been found. A weighted digging the plow be developed. The plow 


stick for getting out roots, the weight means more land put into crop 
being a perforated stone, was used in’ mass effort and some hitherto w 
California and is observed in South form of traction. 
America and other parts of the world In the picture of wide-spread am 
where root subsistence is important. ture before the age of invention it 
In general it may be said that the dig- seem that the plow was invent 
ging stick is not in the line of the an- pendently in many places. _ T! 
cestry of the hoe, and the method of use however, little reason for setting 
is quite different, the former being a_ forth as a scientific conclusion. N 
vertically thrust-in and piercing imple- ing like the plow beyond the | 
ment and the latter delivering a hori- ever invented in the western hemis] 
zontal blow like a pick or adz. The Europe-Asia-Africa complex is 
The hoe is more strictly an agricul- ficient to explain the diffusion 
tural tool adapted to the cultivation of plow to these continents together 
plants in tractable soil. In method it the conditions for its use as sugeg 
is used more as a horizontally mounted ‘The rise of the plow in the ancient 
shovel, drawing the earth into the beds Last civilizations is borne out by th: 
or ridges formed in eastern Indian maize ditions which made them civil 
culture. It thus suggests the ancestry Improvements on the simple plow 
of the plow. The digging stick proves evident in the long stretch of tim: 
its usefulness in hard soils and in the the dragged pronged stick thi 
obstacles of fire clearings, while the hoe fected implement of the present. 
follows in working the loosened earth. 
It is likely that the breaking of fields for 
the crops of European-Asiatic grains In the spread of agriculture by 
was exclusively accomplished with sharp- infiltration to favorable land ther 
ened sticks. In archeology the hoe is have been many disappointments as 
in evidence only when the material is_ soil and the idiosyneracies of p! 
stone, while the perishable materials, The manner of established and comb 
such as wood, bone, ete., have disap- growths has always been the ban 
peared. Therefore the distribution of the general diffusion of agriculture. It 
hoe culture can not be outlined by the is manifest that agriculture does bett 


Yr) 


stone implement. Also in many local- in nature cleared desert lands than 
ities the proper stone for making hoes fields burned or hewn out of the forest 
does not occur. Agriculture in forested lands before t! 
It will be seen that the digging stick advance of agencies of power in th: 
and hoe belong to the period of small plot ventive epoch and hand tools, as the ste 
agriculture and only after the increase ax and grubbing hoe, was a painful a! 
of population with the accompanying losing adventure. The Mayas coming t 
needs does the plow appear. It is evi- Yucatan were forced to employ mil] 
dent that the plow comes into use late agriculture, that is, the clearing of fres 


— 
; 
( 


in the history of agriculture. Its use areas of forest constantly as the older 


+ 
LUO 


UNFAVORABLE LOCATIONS 
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lds were captured by vegetation, prin- 
pally grasses which resisted the primi- 
-e methods of cultivation employed by 
e natives who lacked also grazing ani 
ls to keep down the growths. The 
lds from the 
crops 


rrowing distances of the fic 
nulation, the transportation of 

d the labor of clearing were met by 

Mayas for centuries, during which 

ey developed their wonderful eiviliza 

n, but eventually these conditions con- 

iered them and reduced them to the 

ngle state in which they now exist. 

There are many examples of such mis- 


ts of agriculture like the above which 
ld grievous burdens to the already 


)° 


1 load put by ordinary conditions on 
business of agriculture. 

Generally by endless experiments agri- 

ilture has accommodated within certain 
limits plants to various regions to which 

ey were not formerly adapted. The 
tendency to display new characters in 

lants undergoing cultivation, a habit 
called variation, has aided in the spread 
of agriculture. 

In this process it is found that plants 
foreed far into variation lose the feral 
qualities that enabled them to live in 
their environment and are compelled to 
depend for their propagation on human 
agencies which preserve the seed. Many 
economic plants have been so altered by 
variation that if it could be imaginabl 
a total loss of seed would render the 
plant extinet. This applies to grains, 
but other plants, as the banana, losing 
their seed by cultivation must be propa- 
gated by slips. Thus many plants are 
dependent possessions of man, who may 
be represented as repeating the modifica- 
tions on vegetal life due to insects and 
these in turn modified by the wonder- 
working process of variation. 

The spread of useful plants may have 
been influenced by an observed psychol- 
ogy of those engaged in agricultural pur- 
Suits. That agriculture was a softening 

* 0. F. Cook, ‘‘ Milpa Agriculture.’’ Smithson. 
Report, 1919, pp. 307-326. 
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[The domestication of animals in its 
relati + agonmenltur ry? re ¢ f)] 
reiation to agricuiture appears to NiOW 


normal lines of growth of both industries 
The coalescence of al imal and crop nus 
bandry was early and 
phases where conditions were more fav 


orable for grazing t] 


versa. Both animal and plant domesti 
cation, apparently results of the appli 


tion of the principles, were in fact 


Neolithie in 


same 


region 


completed in the 


where the two progressed together, so 
that in the first glimpse of farming we 
find man dividing his efforts between 
flocks and crops. 


Here and there is observe d the ancient 
the herder and 
This is for the rea 


e herbivorous animals requir 


fission of farmer which 


obtains to this aay 


son that t] 


a wider range than the smaller animals 


which are in closer association with 
lt is 
farming of parts of 
typical of the Neolithic 


many respects a survival, there is a divi- 


man 


however, that in the small 


seen, 
Europe, probably 
an 


phase, In 


sion of labor producing the classes of 
herders named POOSt herd. 
herd and the 


habits of their respective charges. 


goatherd, Cow 


like, acquainted with the 
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The domestication of the horse, an 
animal useful in the early times only as 
food, appears to have had an important 
bearing on the completeness of the tam- 
This state- 
first 


ing of the large herbivores. 
ment is on the probable 
economic use of the horse as a riding 
animal in rounding up cattle. In this 
accomplishment it must have been 
learned by daring spirits that a horse 
eould be broken. The horse as a trac- 
tion animal came late in agriculture in 
matter-of-fact lands where the age-long 
affection, almost worship, of the horse 
was not prevalent. 

The economic results that came from 
the combination of tilling and rearing 
were of manifest importance. Indus- 
tries not dreamed of in the preceding 
periods have extended to enormous pro- 
portions on the animal side of husbandry. 
It is not supposed that in the agriculture 
of centuries ago animals were recognized 
as consumers of crops produced by hand 
labor, yet there were no doubt seasonal 
erises when feeding was obligatory. It 
is seen that feeding grew slowly towards 
the present period when a large propor- 
tion of the crop is converted into meat. 

This development has not been uni- 
form in all countries or in the same de- 
gree. Chinese economies, for instance, 
had to choose between animal and human 
population. This brought about the 
practical elimination of the larger grain- 
consuming mammals and the substitu- 
tion of the smaller mammals and fowls 
more or less self-supporting or feeding 
on offal. This feature is observed where 
agriculture entrenched on the larger 
areas required for grazing. It is prob- 
able that with the increase of population 
and consequent crowding in the United 
States and Canada history will repeat 
itself. There are symptoms now of a 
coming change in the diminishing con- 
sumption of red meat. 


based 


CONSERVATION AND PREPARATION OF 
Foop SUPPLIES 
Having sketched the chief phases of 
ithe development of agriculture, atten- 
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tion is now given to the outgr 
established system of tilling s 
constantly increased population. Ss 
ing, preparing and serving the 


wt 


ucts of agriculture necessarily had 
roots in a small way in the begir 
even extending to the pre-agr 

phase. Whatever is acquired f1 
jungle or results from crops and 
has upon it the necessity of prep: 
for future 
between crops. 
of economy, the central motive 


use in times of scar 


This is the fow 


culture in contrast with the more « 
mythical hand-to-mouth customs as 
to inferior races. 

Possession implies 
elass of gathered food material r 
its own preservation 
story of the preparation and stor 
human aliment that o1 
salient points may be hinted at. A 
animal food, the savage may be imag 
as making his kill and placing t 
in contact 
soon as possible without thought 
future. 

A step forward and we hav ' 
meat for preservation and later th 
ployment of the first chemicals in s1 
for more complete preservati 
satisfies the needs for a long period 
the value of salt as an agent is dis 
ered. Following on into later 
modern periods it is seen that all t 
sources of the phenomenally ad\ 


process of 


is so vast 


with his digestive flu 


sciences are employed in the various « 


ditions develope d. 


Vegetal food supply also pres 


many problems of preparation for pr 


ervation and storage. Root and 
crops exhibit methods of preparation 
drying, the use of heat to alter 


properties, as in breadfruit and cass 


The latter is put through the process 
grating, pressing and baking to yield 


storable product. Fruits are dri 
worked over for putting away. Port 


of edible plants are dried and stored | 


methods found suitable. 


disposal. E 


y 


The introduction of cultivated grat! 
into the dietary made for less prelim 


S 


THE DEVELOPMENT OF 


ary preparation of the crop and tur 
less perishable materials for stor- 


nisned 


re, The earth cache method appears 


g¢ the grain-raising peoples. 


eariv amon 
\side from bulk the grain pits of Ur of 
e Chaldees differ little from the cement 
itors of the present, and both take 
r origin from the original and near- 
i ble storage places in the earth. 

There comes to view here the vast field 

human endeavor in the agencies con 
nected with the serving of food. The 

lling industry from the period when 
many farming operations were carried 
nm by individuals shows at first the mill 
stone and hand stone between which 
rain was broken for further processes 
[he primitive millstone accompanied the 
wriculture of grains over the world and 
n pre-agricultural times had its begin 
ning use in crushing grass seeds and 


The mortar, ancient but not so primi- 


stances. 


tive as the milling stones, also became an 
adjunct of the grain farmer. In the 

he mortar has a 
‘ather remarkable distribution. In the 
original home of maize milling was 


maize-raising area t 


practised on the metate, an implement 
requiring workers to sit on the ground, 
i position, as has been stated, character- 
istic of primitive industry. On the 

maize culture to other environ- 


rvs { ; 
Spi Au Vi 


ments, especially to those of rain irriga- 
ion, the mortar appears. This is shown 
Dy the presence of a primitive metate in 
he semi-arid southwest on the bounda- 
ries of Mexican culture and the preva- 
ence of the mortar in other parts of the 
United States. 

The meaning of this distribution may 
be suggested by ancient and developed 
economy of the maize growers of the 
south which required fine flour and that 
of those who more recently acquired 
maize and practised ruder methods. In 
general the Indians of the rain-watered 
lands ate corn boiled as hominy or coarse 
mush bread for which the incomplete 
cracking in the mortar sufficed. Thin 
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As with roots and other intractable 
foods, the pit oven was perpetuated in 
the roasting of maize. For boiling and 
other cooking processes pottery was nec- 
essary, and this art was contemporaneous 
with the permanent establishment of 
grain tillage. Pottery began along with 
farming in the Neolithic and its up- 
growth solved problems at that time and 
continued with ever-increasing impor- 
tance in later periods. 


MILITARY AND TECHNICAL ORGANIZATION 


Beside the raising of crops and all the 
accompanying features of their preserva- 
tion and disposal, the social and scientific 
by-products of an agricultural state are 
numerous and important. It is evident 
that a new problem of labor was uncov- 
ered and that it was quite different in 
amount and regularity from the sporadic, 
apparently unorganized work of the 
hunting or mixed preceding stages in 
which the family unit alone was to be 
supplied. The family supply in essence 
remains the fixed purpose of agriculture 
to the present, and this, as will be shown, 
has an important bearing on the regu- 
lation of agriculture on _ industrial 
models. 

In the higher social organization at 
which agriculture as a general economic 
feature of life begins, it is seen that labor 
may be furnished by clans or other bodies 
associated by mutuality, such as rela- 
tionship, religious ideas or predatory 
leadership or, as is general in clans under 
present observation, a combination of the 
first two. Theoretically and based on 
conditions observed in higher organized 
agricultural societies, some students con- 
sidered labor as a commodity apart 
whose necessity was felt in the older so- 
cial organizations. 

That this is an error is shown in clan 
or communal labor. The Pueblo Indians 
produced a remarkable civilization with- 
out a labor problem in the sense of a 
separate body of enslaved or dominated 
workers. This is an example of a peace- 
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ful development in an isolated envi: 
ment. 

It appears that this state of affairs 
quite wide-spread until there was su; 
posed on agriculture directional ord 
of society exerting religious and milit 
domination through rulers. This i: 
duces the protection feature, many ti) 
necessary in itself but really bas: 
the taxable values established on t 
by farmers from which means cou! 
drawn for aggrandizement of the ru 
class. 

It is argued that as agricultur 
manded a fixed dwelling or sede 
life, there was frequently requir 
stage a system of protection. In « 
lishing this feature there were sowed t 
seeds of important human organiz 
developed in the social forms terme 
labor servitude, military and relig 
rule. 

The organization of 
at the top and diversifying its activ 
produced other orders of consume 
based on agriculture thereby increasing 
the pressure on the land for the food 
supply. The labor problem kept 
with these developments and there « 
in the ancient nations devices such as t 
drafting of labor, slavery throug 
quest and the binding of labor to 
land. 

Nothing has been said as to the p 
tion of the soil in agrarian communities 
When land is held in common the ru 
ments of division also exist in the as 
sumed rights of ranking families i: 
clan, the priesthood in assigning 
the strength in workers in families a 
other conditions which destined an idea 
division. In general, 


ry 


roy 


society 


under the el 
system rights are acquired by forn 
working of the land and announced 
tention of working the coming year. bh 
case of failure to work the tract clan law 
throws the land open for use. 


DEVELOPMENT OF GERMANE ARTS 


Agriculture as a basic industry on 
which stable and growing populations 
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must exist also aided in bringing about 

e most considerable advances in social 
life that may be noted in the progress 
of man. Some of these features having 
largely their origin in agriculture may 
be mentioned. 

One of the earliest requirements of 
erowers was a knowledge of times and 
seasons. These desiderata were un 
doubtedly acquired over a long course 
of observations on the heavenly bodies 
during the domestication of food grains. 
Out of this knowledge grew primitiv: 
astronomy, gradually showing a marked 
advance in applying crude mass metries, 
All ancient 
calendars had basically reference to agri 


developing into calendars. 


culture. 

The use of mathematical ideas express- 
ing crude metrics of areas and amounts 
also evolved in agriculture and mark the 
unfolding of arithmetic and geometry. 
Engineering more clearly is a consistent 
uutgrowth of agricultural operations. 
The earliest forms of this science are 
found in the selection of ground, clear- 
ing of growth involving primitive de- 
forestation and timber work, grading, 
canal cutting, regulating water supply, 
and many other engineering jobs coming 
up in the exigencies of farming. Sup- 
plying also the labor to carry on the 
common and the outstanding engineer- 
ing work of the world is not the least 
of the contributions of the farmer to 
the world’s progress. 

The participation of the farmer in the 
technique of commerce is observed to be 
small. In the early stages before the 
social complex began to take over the 
disposition of fruits of the farmers’ la- 
bors as seen in the agricultural despot- 
ism of Egypt, Mesopotamia, China, Mex- 
ico and Peru, for example, there was 
nothing but folk commerce. At the best 
of the commerce of the ancient world 
there were inadequate facilities for the 
transport of appreciable amounts of 
foodstuffs to supply any considerable 
populations. There was also no real sur- 


plus, only a forced surplus whose exp« 


under despotic rule disregarded 
needs of many 

The nature of man as a religious cr 
ture has caused the permeation of ag 
‘ulture from the very beginning wit 


{ 

lore, my th and observances to counteract 
the maleficent influences which rende? 
the art of tillage a game of chance. A 
glance at this vast field presented 11 
Fraser’s ‘‘Golden Bough’’ reveals the 
enormous penetration of religion in ag! 
culture, its dé velopment there and 
response to human needs of prot ! 


and guidance. 


The above are some of th importal 
features of civilization fostered under thx 
stable conditions afforded by agriculture 
It is, however, not supposed that thes 
matters were brought to a state of e 
larged usefulness by the farmer alon 


The surrounding of the industry by re 
ligious sanctions and official controls fur 
nished groups of men having assured 
subsistence and consequent leisure, who 
perfected them. The agricultural body 
with its preoccupation, its lore and crud: 
laws of behavior remained in general 
ignorance. Agriculture has always been 
‘ 


guided in all matters beyond the custom 
honored technique of art. 


STATE OF REPRESSED AND DEPENDEN 
POPULATION 

When agriculture comes up into the 
view of history it is seen that society hi: 
extended to comprise a number of differ 
ent orders from slave to king. Society 
growing from diverse efforts to produces 
coherence by rule has become in the 
classic examples a workable form. D 
vision is on the line of intellectual an 
predatory employments on the one han 
and manual employments on the other 
The superstructure hides the primitive 
foundation. 

The recognition of what are loosely 
called rights in common, realized to a 
great extent in ancient communal effort 
was long in coming in more complex 
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society. The state of repressed popula- 
tions up to the age of enlightenment was 
generally unfavorable. The beacon of 
education and the ability and means of 
making betterments were denied them. 
The farmer whose prime incentive was 
to support his family by the sweat of his 
brow remained generally in the low level 
which tradition and sanctions had 
signed as his lot. In theory in Egypt 
the higher classes were ‘‘ gentlemen farm- 
ers,’’ even the Pharaoh being com- 
manded by Ra to work the fields. Exam- 
ples of organizing ability were no doubt 
frequent among the farmers in the 
theocratic government of the country, 
but farm labor was repressed. In 10,- 
000 years and with all the various social 
forms developing, which may be called 
in the nature of experiments, the prob- 
lem of the farmer has never been solved. 
In all the cataclysms that swept away the 
dominant and dependent classes the 
farmer stayed on. Mounds of earth are 
the gigantic cities of Mesopotamia and 
around them the farmers still work the 
soil with the tools and methods of the 
far ancients. 

This represents the static condition of 
Asia. In Europe forces were growing 
that would lead to the emancipation of 
the farmer from the serfdom binding him 
to the soil. Here and there the voice of 
the repressed became heard and finally 
in Great Britain found that he was a 
unit of the state, exercised his crude 
power and secured certain rights. This 
was only a few hundred years ago, but 
the seed planted was destined to fruit in 
the wide lands of America and flourish in 
a way impossible in the narrow popula- 
tion-crowded lands of Europe. In 
America the farmer has never felt the 
repression of geographical and social con- 
ditions long the rule in Europe. Mili- 
tary, despotic, patriarchal and religious 
dominations did not enter into the 
American experiment. The _ turning- 
point of agriculture was in England, 
but the realization of its possibilities was 
in America. 


as- 
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APPEARANCE OF SURPLUS 
The preparation of crops for n 
was an almost unknown factor in 
agriculture. The 
isted in the beginning stages when s 


germs, however, 


sort of sporadic exchange was ear 
on. It that 
tion of a surplus did not 
early agriculture. The ratio bet 
population and food supply ren 


is seen the economic 


come 


fairly constant. The population 
beyond that engaged in farming 
small and industrial concentratior 


manufacturing was scarcely it 
tence, the units on 
sustaining in all 
former days of domestic and indivy 
arts. 


the land being 


respects, as in 


The history of agriculture s 
clearly that the quite recent tender 
has been through improved appliar 


and methods to foster an increased 
dependable surplus beyond the ea 

of the population to absorb. The st 
brings out the succession of the digg 
stick, the hoe, the plow, the n 
reaper, tractor combination, tog 
with fertilization, improvement of grains 


methods of rotation, intensive cult 
tion on the land, and the use of f 
ax, the drag. harrow, ete., all cont: 


Incidenta 


improved state br 


ing to a total surplus. 
also, these in the 
about the feeding of increasing popul 
tion and an inevitable surplus. It 
be seen that the major items of this 
velopment derive from agencies outs 
agriculture due to the acceleration « 
what genius of characteriz 
called economic man. 

The object of modern agriculture 
Upon this 


some 


surplus of production. 
has been suggested, is based eciviliz 

and industries 
surplus 


t Y) 


and its organizations 
generally. But the 
looked upon as a result of scientific ar 
mechanical aids coupled with abund 
acreage for expansion such as was fu! 
nished by the discovery of the New 
World and extensions of populations in 
eastern Europe and Asia. 


may 
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It may be asserted that the first ap a1 ition demands is a - 
‘ arance of a surplus that could be nomic adjustment Che 
ed on commodity terms was in poor farming is counterbala 
America. It was not the storage of full proved machinery and s 
rs in anticipation of lean years, but ng, and the result is overproductior 
rt and parcel of the vast complex of What should seem desiral ; 
dern civilization which has means of verse. for it hits back fir 
nenetrating to the furthermost corners gta} from the beginnit 
of the earth carrying finished and raw fan 
| + 
mate S I} Cc ntrit ] ons ¢ t S r) T% 
DEVELOPMENT OF INDUSTRIAL OrGANIzA- Culture are numerous and 1 
TION OF AGRICULTURE For the first time in history ] S 
= . . ect } n é mir d , , ] 
The development of the modern indus 
. manner and correlated with mos +] 
trial organization of agriculture as sug- 
d . , br nches o science T'} t « , 
gested is part of a long chain of 
_ » ° . Ton Ss per! rs y +} y S . ‘ 
gradually unfolding events. It is evi- ' 
; TO t} { NT iT reTl nt } 


dent that agriculture is breaking out 
of the shell which has bound it for sev- 


eral thousand years. The long course of ®! lied to government | 

advance shows that agriculture was first oon my f the fundamental ntribu 

merely a family or group asset, then tions of science are insect and 

successively a local asset, national asset ©?! trol, inerease of practical kno 

and finally an international asset. in animal husbandry, soil analysis and 
. The latter stage. the outgrowth of a Scientific fertilization offsetting th 

complex of material expansions in which 1% ining’’ of soil, and other important 


transportation takes a prominent place, l'ems Yet to come may be predict 
presents obvious benefits to mankind the extension of the regulated i 
Intercommunication, which is aiding in 1” plant and animal variation and 


the effort to establish a central board of Weather prediction by the variation « 


information on crop probabilities and solar radiation It must be cons 

the existence of or lack of surplus in also tl at the present rate at which 
various countries, is destined eventually chemical science is growing, the food 
to help the farmer. Famine, which supply may be put on a new basis di 


perennially dislocated the affairs of na fying former prediction of overpopula 
| 7 


ions by the concentration of human tion and famine. Chemical advances 


misery, passes over the nations who are point to the lines of ul ition OT 7 
in touch with the new age. materials for the manufacture of food 
If accomplished as anticipated, thers 


TENDENCY TO OVERPRODUCTION = ey 
would be a revolution ol ne DUSINESS ¢ 


While a surplus is commendable as_ farming 

showing the difference between good In view of modern discoveries « 
farming and poor farming, overproduc- essential réle played by vitamins in 1 
tion may be regarded as a failure in metabolism of foods, it is likely t! 
another direction. The tendency of deductions may be made on the d 
modern skilled and aided farming is nations, using as a basis the presence or 
overproduction. All the myriad efforts absence of these substances in the diets 
of science and promotion are bent on which they have preferred or tl na 
production of a surplus, meaning over- ture has forced upon them. Probably in 
production, which when not fitted to the future the advance of chemical sci 
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ence will reduce the present apparent 
necessity of raising enormous crops of 
small vitamin content. This would allow 
the farmer to concentrate on limited, 
more valuable crops, saving labor and 
giving him more leisure. It is possible 
that in the review of the development of 
agriculture coupled as it is with the 
development of mankind some ideas may 
be found of use in the present search 
for aid to the farmer. 

Agriculture became a business by the 
agencies of general progress before the 
world recognized that there had grown 
up an industry cognate with the great 
mechanical industries. Mechanical in- 
dustries, of course, grew up against the 
background of farming. This phenome- 
non was long unperceived, and only re- 
eently have men familiar with social 
changes begun to attempt its regulation. 


STIMULATIVE AND CORRECTIVE AGENCIES 

There is no intention to propose rem- 
edies here or to do more than to suggest 
lines of approach to the subject. There 
is in the United States at least talent to 
select the crucial ideas and ability to 
find the means to carry out reforms in 
agriculture. Vastness should be no bar 
to organizations of relief measures, but 
custom and tradition are. 

The psychology of the farmer is the 
outgrowth of millenniums of struggle, 
and on account of it he may be described 
as showing traces of the individualistic 
and static life he has led in the past. 
This life we now see as disturbed by the 
infinitude of currents of modern prog- 
ress, singling out especially education. 

Dissatisfaction is not now with the 
inadequate returns and opportunities, as 
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under more or less severe despotisms 
ancient Egypt and Mesopotamia, but 
the complex economic conditions 

to-day seem to leave the farmer out 
the picture. 
these conditions there are suggestions , 


To line the farmer up w 


organization in great units which 
been carried out in areas never taker 
by the small farmer. 
The difficulty of this project is its 
plication in areas covered by small fa 
on which the time-honored independe: 
of action is practised. In it also are s 
the return to the communal and 
systems highly difficult as a project 
under the copartnership in government 
of the present time. In any atten 
this sort the small farm unit 
satisfied to enter the scheme as an em 
ployee of the industry. Perhaps th 
eventually will become practicab): 
This scheme would require a census « 





must 


farm products in demand and the su 
ply in order to get a proper correlati 
This infers a control of acreage put 


crops, which so far no one sees as wo! 
able. 
effort on the best land for certain crops 
thus getting the diversity of required 
products on the best locales, throwing 
unuseful land into forests, ete. It 

likely that in the future farming may 


It also suggests a concentration « 


be concentrated on the products of 
vitamin efficient foods, thus reducing 
substantially the burdens of needless 
production. 


It will be seen that the matters 
vanced here look forward to a more ros 
future, but the immediate practical 
awaits the earnest efforts of enlighten 
statecraft. 











By GEORGE 


RIPON 


Ir has been said that the history of the 
world is the history of ideas. Like con- 
trolling forces in the ancient world were 

the Greek ideas of fate, justice, courage, 
beauty and the Logos idea. Similarly, 
in the middle ages the ideas of obedience, 
faith and love were influential in de- 
termining not merely the institutions of 
the church and the daily life of the peo- 
ple, but the course of history itself. 
In our own Anglo-Saxon world we may 
find illustrations in such ideas as liberty, 
equality, opportunity, efficiency and 
democracy. 

In the nineteenth century the idea of 
evolution first took definite form, and 
its influence in the thought of that time 
and in the first decades of the present 
century was unbounded. Evolution has 
given us a new conception of the world, 
startling in its comprehensiveness, ap- 
plying to animal species, to terrestrial 
and celestial changes, to language, to 
human institutions, even to the mind 
and to our moral laws. It has given 
us a new method, the genetic method, 
revolutionizing our ways of approach 
to science. It has added new charm to 
the study of plants and animals and a 
new wonder to the study of the human 
body. 

Incidentally the evolution idea of the 
nineteenth century affected human 
thought and institutions in another way. 
[t came into conflict with the church in 
respect to the origin of man. Violent 
controversies arose in the last centuries 
respecting the origin of man and the 
origin of mind and morals as a result of 
the introduction of the evolution idea; 
and in the most recent years these con- 
troversies have broken out afresh, dis- 
turbing the progress of science and in- 
troducing bitterness into the councils 
of religion. 
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Hence we see the importance of under 
standing just what evolution is A 
critical analysis of any of the great, in 
fluential ideas of history would be us« 
ful. Particularly timely is an analysis 
of the idea of evolution. In the follow 
ing discussion the primary aim will be 
to find out what evolution means. It is 
still too early in the history of the 
twentieth century to attempt any final 
analysis of this concept In this paper 
I shall undertake to trace through the 
various evolutionary philosophies of th 
nineteenth century and of the first 
quarter of the present century, with a 
brief preliminary review of such pl 
losophies in ancient Greece and in 
modern times previous to the nineteenth 
century, with a view of finding out what 
the various writers and scientists have 
meant by the word evolution 

Evolution is an idea belonging not 
to any one time, but to all the ages. On 
the other hand, evolution is often spoken 
of as belonging only to the last century 
because it received its greatest develop 
ment in that period and because it was 
then first used as a basis for science 
and philosophy. Great advances were 
made in science as a result of the evolu 
tionary hypothesis, and philosophical 
systems were built up around the con 
cept. At the close of the nineteenth 
century the evolutionary philosophy was 
triumphant; it was the last word in 
science and philosophy No man of 
genius doubted it. How could he when 
proofs offered in Support of it seemed so 
logical and self-evident? The concept 
evolution was the scientific hypothesis 
It spread rapidly from one science to 
another until it was the primary method 
of all the sciences, and was applied to 
every field of thought Evolution 
reigned supreme as a theory, and peo- 
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ple had so much respect for it that they 
Every explana- 
inorganic and 
was in 


almost made a god of it. 

religious, 
especially organic phenomena 
terms of this hypothesis, this fact being 
largely due to the monumental work of 
Darwin and his contemporaries. Up to 
the time of the great World War this 
was the attitude toward the 
evolutionary philosophy, but during the 
post-war period there has been a decided 
reaction against it. In less critical cir- 
cles this has taken the form of a violent 
which we refer as funda- 
In philosophical and scien- 
form otf a 


tion of social, 


general 


reaction to 
mentalism. 
tific circles it has taken the 
careful inquiry into the causes, manner 
and meaning of evolution. It is true 
of most scientific theories that some re- 
vision of them is necessary from time 
to time, especially when they are so 
vitally connected with so many fields of 
thought as evolution is. 

Libraries have been written about this 
concept, partly because it has been a 
source of irritation to religion, but 
mainly because it is a fundamental 
hypothesis of science. Many definitions 
have been formulated, around which 
whole systems of philosophy have been 
built. There is a vast amount of litera- 
ture explaining evolution, offering argu- 
ments in support of it and applying it to 
the various sciences as a method. Again, 
much has been written attacking the 
theory—setting forth arguments to dis- 
prove it. But, as we search further, we 
find that very little has been written 
concerning the concept itself. 

Before considering an analysis of the 
term evolution, it would be well to have 
in mind the etymology and meaning of 
the term itself. Evolution comes from 
the Latin evolutio, an unrolling; e, out, 
and volvere, to roll, evolvere meaning to 
unfold, unroll, to open and extend, to 
Is this what the various 
evolution 


disentangle. 
theories and definitions of 
mean? 
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The first 
evolution comes from t 
Thales, the first of this grou 
about the origin of all things and 1 


reference to anything 


ie Ionian s 


+ 


water as the substance from 
things come. Anaximander said t} 
was not water, but the infinite, ar 
nal, imperishable substance out 

all things are 


things return. 


made and to wl 
Anaximenes tried 
which Anaxir 
described, by calling it air. Thus 
which the |] 


fine the substance, 
only contribution 

made was the idea that all things 
from one substance by some pro 

they did not have any notion as 
nature of this process. 

Heraclitus was the great exponent 
the philosophy of change. He |} 
that all things are in constant n 
nothing is fixed or static, everything 
in a 
can not step twice in the same rivet 
other and yet other 
flowing on.’’ It was through this p 
ophy of change that the notion of 


state of ceaseless change att 


waters are e\ 


tion received its most striking statement 
at the hands of Heraclitus, ‘‘who 
garded all nature as a scene of ‘} 
ing’ according to a certain law of 
portionate exchange termed by 
logos.”’ He did not have any not 
the transformation process of life o1 
the evolution of species, but he cone 
nature, in his broad view, as in\ 

in ceaseless change, and yet always ¢ 
stituting a uniform whole. The cont: 
bution which Heraclitus made to evol 
tion is important because he was the firs 
to introduce this concept of perpetual 


change. Parmenides, who stoutly 0] 
posed the philosophy of change, believed 


that reality is eternal and immutabl 
and that all change is inconceivabl 
Parmenides’ opposition is significant be 
cause it led his successors to propose an 
explanation for apparent change. This 
introduces us to the important hypothe- 
sis by which change is explained as due 




















; 


to the recombination of a certain num 
her of fixed and so-called ‘‘elementary’’ 
substances, namely, four in the case 
of Empedocles, an infinite or indefinite 
number of ‘‘atoms’’ in the case of Demo- 
f modern science and an indefinite num- 
her of electrons or centers of electrical 


eritus, about ninety elements in the case 


energy in the case of recent physics. 

Empedocles has justly been called the 
father of the evolution idea because he 
took a great stride in advance of his 
predecessors. He believed that there 
were four elements, earth, air, fire and 
water, which were acted upon by two 
mythical forces or beings, love and hate 

attraction and repulsion. These two 
forees always act together upon the four 
underived, unchangeable and indestruc- 
tible elements, arranging and rearrang 
ng them into different combinations by 
means of a process of endless change. 
He explained organic evolution as the 
triumph of love over hate. 

We have space only to mention five 
sparks of truth which may be found in 
Empedocles’ philosophy: first, that 
change is explained as a recombination 
of a number of fixed elements; second, 
that the development of life was a 
gradual process; third, that plants were 
evolved before animals; fourth, that im- 
perfect forms were gradually replaced 
by perfect forms; fifth, that the natural 
cause of the production of perfect forms 
was the extinction of the imperfect. 
Also in his explanation of organic life he 
made a vague prophecy of the survival 
of the fittest and of natural selection; 
but we do not find that he had a well- 
defined idea of evolution. 

Aristotle literally ushers us into a new 
world of thought, because he towered 
high above his predecessors and made a 
lasting impression upon the world by the 
foree of his genius, demonstrating to us 
the surprising grasp which he had of the 
whole situation. There are two reasons 


b H. F. Osborn, ‘‘From the Greeks to Dar- 
win,’’ p. 141, 
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why we should pause AT | cons PT 
Aristotle, and which make him im} 


tant in a consideration of the ev 


idea First, his concept of bio 
evolution He believed that bot! 
plant and animal kingdoms are gr: 
from simple to complex impertect tft 


more perfect—as a result of form b« 
realized in matter. Second, his phi 


phy of evolution. Aristotle had a 


losophy of evolution, which fact w 
not find in Darwin, who did not have a 
world view of cosmiec evolution, but sim 
ply a theory of the origin of species 
This, then, makes Aristotle important 
because he had one theory by w 
explained all things. Later we shall find 
that there have been others who have 


propounded theories of general evolu 
tion, such as Spencer, LeConte, Bergson, 
Morgan and others; but Aristotle was 
the first and most important 

Aristotle rejected the ideas of both 
Democritus, who reduced all things to 
moving, material atoms, and Plato, who 
assumed ideas separate from matter, and 
took a middle course, assuming that both 
matter and form are real. He held that 
matter had potentiality and form act 
ality, and that matter realized itself or 
became actual in form. Form and mat 
ter are inseparable; there is no matter 
without form, and pure form—that 
which has no matter s the Prime 
Mover or God. Thus, for him, develop 
ment was a gradual, continuous, unitary 
process in which matter, the potential 
realized itself in form, the actual. When 
applying this idea to nature, he said 
that there is a complete graduation, and 
that nature proceeds constantly by 
gradual transitions from that which is 
imperfect to that which is perfect, in 
other words, he believed in the unity ol 
causation in nature. Thus at the very 
core of his evolution idea was this ‘‘in 
ternal perfecting tendency,’’ which 
drives the organism progressively on 
ward to more perfect forms with man 
as the final product It is this process 
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of realization which we shall find very 
significant when we come to a considera- 
tion of the evolutionary philosophies of 
the twentieth century. 

Lucretius, in his ‘‘ De Rerum Natura,’ 
did not make a great contribution to the 
philosophy of evolution because he 
merely summed up the pre-Aristotelian 
philosophy. Although very mechanistic, 
it is important in the case of Lucretius 
to notice what appears to be an almost 
inadvertent subversion of his boastful 
mechanistic philosophy by the introduc- 
tion of an element of spontaneity in the 
atoms, which he naively likens to free 
will in man. 

The first great contributor to the phi- 
losophy of evolution after Aristotle was 
Augustine. Although Augustine was a 
churchman, he was greatly influenced by 
the teachings of Aristotle, which he har- 
monized with his Christian theology, and 
thus gave us a new concept of develop- 
ment. Putting it in modern terms: ‘‘In 
the beginning God made’”’ the first single 
cell—germ or seed—in which all things 
that are found in the world to-day were 
implicit, and by a process, governed by 
natural laws with which the Creator en- 
dowed this first piece of matter, have 
become and are becoming explicit. The 
first cell was the potential universe with 
all things that are found therein. In 
this concept we find a trace of Aristotle’s 
forms, and matter realizing itself in a 
successive series of forms, and the mate- 
rialistic philosophy of the Greeks, also 
the Christian concept of the Creator who 
endowed matter with these natural laws. 

There are two things of importance in 
Augustine’s philosophy of evolution with 
which we should be impressed. First, his 
idea of an orderly development in the 
world. This is rather startling, when 
we remember that it came from a church 
father, because the church taught ‘‘spe- 
cial creation.’’ Augustine, however, 
conceived the universe as coming from 
the first seed or germ in an orderly 
manner, just as the oak grows, ‘‘in that 


’ 
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order with which we are familiar 
nature,’’ from its humble beginning 
the acorn to the mighty giant of 
forest. Second, and the most import 
his notion of the potentiality of the ger: 
Here we should pause a moment, becaus 
Augustine has introduced into the ev 
tion idea a new thought 
of the germ. Nowhere among the Gr 
did we find this 
entire universe being implicit in th: 
germ. 
tine thought that development is an 
rolling, an unfolding of that which is 
the germ, the implicit becoming exp! 
and this is the true meaning of the te: 
Thus Augustine was the first to hay 
which the 


the pote nt 


idea expressed 


This is truly evolution. Aug 


concept of evolution 
clearly and adequately expresses 

The contribution which Thomas A 
nas made to the concept is essent 
a reinterpretation of Augustine’s 
He interpreted Augustine as saying 
the potentialities were not given by 
Creator in the beginning, but at different 
times. In the beginning God gave 1 
ter a certain potentiality which gr 
ually became actual, later. He 
another potentiality which by a gra 
process became actual, then He 
another and another and so on. At 
time matter power to 
duce’’ grass and trees, and at anot 
time to produce animal life. Develop- 
ment, then, according to Aquinas see! 
to be an epigenetic process—a grad 
building-up of potentialities which we: 
added at different times. 

With the advent of the seventeent! 
century there was a great awakening 
science which led to much speculatior 
concerning evolution. There was 


whole host of writers who contributed t 


‘“ received 


? 


the evolution idea, the naturalists—L 
naeus, Buffon, Erasmus Darwin; |! 
speculative evolutionists—Millet, D 
erot, Oken; the natural philosophers 
Bacon, Descartes, Leibnitz, Kant, Sch 
ing, ete., all of whom we must pass over 

















hecause we do not find in their writings 
anv definite concept of evolution. 
Lamarck’s eontribution to evolution, 
made essentially to biological evolution, 
may be found in the statement of his 
four laws. In the first law he assumes 
internal forees—life which was inherent 
‘in the first created forms—which are at 
the basis of all growth and development. 
The second law, which deals with the 
‘‘needs’’ or ‘‘wants’’ of life, as he 
termed them, is the law which was most 
severely criticized and misunderstood by 
his contemporaries. They interpreted 
his law as meaning that an animal could 
acquire any organ by simply desiring it. 
This could not have been farther from 
the truth. His conception was: a new 
situation is presented to an organism, 
the organism must needs react to this 
hanged environment by the use of dif- 
ferent organs and parts from those it 
was in the habit of using, and probably 
cease to use the organs which it had 


1 
1 


used in the past. Thus he did not mean 
mental desires but the satisfaction of 


‘ 


physiological wants or ‘‘needs.’’ The 
third law, the law of use and disuse, is 
the basis for the second law, for if an 
organ or part is used it tends to develop 
ind become strong, but if it is not exer- 
‘ised it becomes weak and will disappear. 
The fourth law, which maintains that an 
organ, organization or function once 
acquired by an organism is preserved by 
generation, raises the question of the 
inheritance of acquired characters. We 
are all, of course, familiar with La- 
marck’s classical example of the giraffe 
and the way in which he supposed it 
acquired its long neck. 

Upon these four laws rests Lamarck’s 
whole concept of evolution. He starts 
with the assumption : given certain vital, 
internal forces which cause growth, then, 
the living, growing organism adapts 
itself to its environment because of cer- 
tain needs or desires; these adaptations 
persist through use or are lost by disuse ; 
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and finally, the acquired adaptation or 


+ 


organization is transmitted to new in 
dividuals. If his assumptions and thes: 
laws are true, and acquired characters 
are inherited, then the problem of evolu 
tion becomes much simpler 

Let us look a little more closely Into 
the meaning of Lamarck’s laws and ask 
first: What did he mean by growth? 
According to the first law, it is simp \ 
the function of internal forces which 
‘*inerease the volume of every body that 


possesses lif. as well AS . tne size 0) 


all the parts of the body up to a limit 
which it brings about.’’ Thus it is not 
an unfolding process in which 
plicit becomes expucit, as Augustine 
taught, nor the ‘‘perfecting tendency 
of Aristotle He uses growth in the 
sense of coming to maturity But 
growth alone does not account for new 
species. ‘‘Internal foreces’’—what ar 
these ? They are the natural forces ol 
life with which matter is endowed 
its Author. He did not analyze thes 
forces; he simply assumed them 
If growth alone does not account 


new organs or new species, how, th 


do new organs and new species arist 





A certain part becomes gradua ’ 
clalized in performing a certain fun 
tion : growth causes the part to grow 

become larger; use strengthens it, and 
thus a new organ is gradually formed 
This acquired character is transmitted 
to the next generation, other modifica 
tions are passed on by inheritance, som¢ 
characters being acquired and others lost 
until the very organization of the species 


is so changed that it has become a new 


species Thus, in the last analysis, his 
evolution idea depends upon the inher 
tance of acquired characters and ‘‘inter 


nal forees’’ which he did not analyze 
It is just these ‘‘internal forces’’ that 
we would like to know more about 
Between the time of Lamarck and that 
of Darwin, the evolution idea fell into 
disrepute because of the strong opposl 











There are, however, two 
names which we must mention, which 
belong to this period, because of their 


tion against it. 


influence upon Darwin’s thinking. These 
men are, Lyell and his ‘‘Principles of 
and Malthus with 
‘On Population.’’ 

Darwin put forth his ideas concerning 
evolution in his monumental work, 
‘*Origin of Species.’’ It 


Geology,”’ his work 


is not neces- 
sary to review, for the intelligent reader, 
the details of Darwinism, but a mere 
mention of its assumptions is sufficient. 
Darwin made the following assumptions: 
the extreme fecundity of nature, strug- 
gle for existence, variation, heredity and 
natural selection. 

Let us turn to a consideration of these 
assumptions. The first one is certainly 
true, nature is extremely prolific. It 
has been estimated that from a single 
pair of robins, if none die except from 
old age, there would be at the end of 
ten years over two million individuals. 
Next we come to ‘‘struggle for 
tence.’’ Why is there a struggle for 
existence? Why do not plants and ani- 
mals succumb to the adverse conditions 
of their environment instead of main- 
taining a struggle? When the great ice 
sheets came down from the north, they 
crowded practically the entire plant and 
animal population of the entire North 
American continent into a comparatively 
small area—the southern half of the 
United States. Certainly crowded con- 
ditions existed; competition must have 
been keen ; there must have been a strug- 
gle for existence. The question is: was 
the struggle for existence due to the 
crowded conditions and the resulting 
lack of food, or was it due to some other 
reason? Certainly there must be some 
internal force or drive which forces 
plants and animals to do the utmost to 
preserve their integrity. But why do 
animals struggle? Is it to satisfy hun- 
ger? But why do they seek to satisfy 
hunger? The reply is that they seek to 


exis- 
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satisfy the biological needs of 

ganisms. To satisfy these needs 
very nature of life itself, 
here that we unfold the 
is a struggle for existence becaus 


and it is 


secret 


insurgency, activity and sponta 
life. This true, the Dar 
idea of struggle for existence is 


being 
interest to use because behind 
will to live which is life its 
Darwin merely assumed variat 
heredity and did not try to j 
explain these assumptions. He ins 
upon the idea that all minute 
which we to-day know are 
extent non-heritable, were tl 
materials for natural selection 
upon. He believed that 
are heritable. 
he thought, occur in 


These chanc 
all directions 
in all structures in a haphazard 1 
and only the useful 
preserved. Here is the difficult; 
is the first, almost impercept 
tion in a favorable direction of s 
value, so as to effect the 
individual? What 
of the first few hairs of a m 
this variation should be of sel 
value? When we think of 
complex instincts and adaptations 
we find in organisms, we are led to 
the probability of their arising 
slight variations, selected and preser 
by natural selection. 

Now that we have examined Darv 
ism and have 
objections to it, we may ask two 


are sel 


’ 
survival 


would be the 


amy 
biliilia 


some 


considered some of 
tions: Is Darwinism, in the truest ser 
of the term, evolution? Did Darvy 
have a philosophy of evolution? In on 
sense we must answer the first quest 
in the negative, in another in the pos 
tive. We do not find in Darwin’s 

as we did in Augustine’s, any suggest! 
of an unrolling or unfolding process 
that which is implicit becoming exp! 
The variation-selection idea 

does not suggest an unfolding, but rather 


certainiy 
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: building-up process. Evolution taken 
in this sense ean not be applied to Dar- 
xinism. But there is another aspect to 
the question. If by evolution we mean 
biological development, the development 
of all plant and animal species from 
some common stuff by some process, then 
Darwinism may be ealled evolution 
Natural selection is a mechanism by 
which the origin of species may be ex 

sined. If there is a struggle for 
ox stence due to the very nature of life, 

slight chance variations occur which 


roreces 


purely fortuitous and if the 
redity are assumed, then it is pos 


f 


ble to explain all the complex adapta- 
ns of structure and of function in 


rganisms, instinct, intelligence—all by 


ans of natural selection. As to the 
second question, we are somewhat dis 


jinted. Darwin dealt entirely with 

origin of species, and did remark 
ly well, but he did not expand his 
ories to include the origin of the uni- 
erse and all things contained therein 
It is in this sense that we must say he 
did not have a philosophy of evolution 
Thus we see that Darwin’s concept was 
not one of unfolding, but one of up- 
building. 

While Darwinism is fresh in our mind 
we must briefly consider Neo-Darwinism. 
Weismann in his theory of germinal 
selection transferred the struggle for 
existence and selection of Darwin to the 
germ plasm. He thus gave selection 
great prominence, but failed to see the 
great difficulty—the impossibility of 
verification. Germinal selection is en- 
tirely theoretical and can not be sub 
jected to experimentation and verifica- 
tion. Although Weismann did not make 
any great contribution to the concept of 
evolution, we must say that he made a 
sincere attempt to explain the origin of 
all plant and animal species by a single 
process, 

Another modification of Darwinism 
may be found in the various orthogenetic 
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down to the latest results of civilization, we 
shall find that the transformation of the homo- 
geneous into the heterogeneous is that in which 


progress essentially consists.2 


Evolution, for Spencer, was a process 
of change 
differentiation. 
rials of this evolutionary 
matter, motion and foree—are not ulti- 
mate; they are modes of the unknow- 
able, as Spencer calls them. The un- 
knowable is the power, cause or source 
which is behind and responsible for the 
evolutionary process. What it is we do 
not know; but that it is, we are certain. 
Concerning matter, motion and force— 
the knowable—Spencer says that matter 
is derived from motion, motion from 
force and force from the unknowable. 
What is the unknowable? I don’t know. 
Thus we led to agnosticism. Is, 
then, Spencer’s formula hopeless; has it 
nothing of value to offer us? Let us see. 

Whether in Spencer’s mind the for- 
mula passed for an explanation of the 
development of all things is difficult to 
say; but with many of his followers we 
do know that it passed for a final and 
perfect explanation. But, does it ex- 
plain anything? We can hardly say 
that it Spencer uses the terms, 
integration, concomitant dissipation, in- 
definite, incoherent homogeneity, ete., 
very glibly, and the careless thinker 
might be led to mistake a pleasing state- 
ment for an explanation. To say that 
evolution is the integration of matter 
and the dissipation of motion does not 
explain it, but merely states a possible 
fact. It does not state what causes in- 
tegration, how matter is integrated or 
why integration of matter is accom- 
panied by the dissipation of motion. 
Even if this statement is true, and dur- 
ing the integration of matter and con- 
comitant dissipation of motion, matter 
does pass from an indefinite incoherent 
homogeneity to a definite, coherent 


a process of integration and 


The elements or mate- 


pre cess— 


are 


does. 


‘*Spencer’s Philosophy of 


2 Morgan, 
Science. 
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heterogeneity, what of it? To say 
the development of a tadpole into ; 
is an integration of matter and con 
tant dissipation of motion, during w 
the tadpole passes from an indefir 
incoherent homogeneity to a defir 
coherent 
not explain the metamorphosis. It 
be true, but we are little wiser t 
were before. 

The reader may object to this 


heterogeneity the fro 


cism on the ground that the purpos: 
science is not to explain but to des 

But 
scription of 


is Spencer’s formula a valid 
No seleni 
to-day would answer this question 
affirmative without qualification. 
Spencer explained the world as 
distribution of the modes of the unk 


evolution ? 





able—matter, motion and force—|} 
soon as we inquire more deeply into 
mysterious trio we are referred to 
unknowable; and 
an explanation we are brought fac 
with agnosticism. This 
agnosticism does not appeal to t 
ern student of philosophy, and 
Spencer’s philosophy has lost gr 
It is rather disappointing, after st 
ing Spencer, to say that his philos 
does not throw much light upon the « 
cept of evolution. But is there nothi 


instead of obtair 


form 


face 


which we have gained from Spen 
Certainly! He contributed two impor 
tant ideas: first, that evolution 


single total process by means of wl! 
we can account for all things; 
ond, his idea of the unknowable as 
foree, source or power which is behi 
the whole process. We shall hear 1 
of these two ideas when we 
more recent philosophies of evolutior 
Another definition of evolution w! 
interests us is LeConte’s, which we fi 
in his book entitled, ‘‘Evolution: It 
Nature, Its Evidences, and Its Relat 
to Religious Thought’’ (1887). Th 
statement of LeConte’s definition is as 
follows: ‘‘Evolution is (1) ] 
progressive (2) according 


and si 


conslat 


sc 


continuous 


change, (2 





and by means of rest- 
dent forces.”’ like 


Jhasizes the fact that evolution is a 


certain laws (3 


LeConte, Spencer, 


em] 
universal process, but he confines his dis 
eussion almost entirely to biological 
development. 

What is ‘‘continuous 


ehange?’’ LeConte does not give us 


progre SSIVE 


satisfactory answer to this question. He 
tries to deseribe change by saying that 
it is like the stages in the individual 

germ, egg, embryo, infant and matur- 
ity. This is true but it does not tell us 
He tries to explain a 
What 
progressive change is, is even less clear. 


Possibly, what he meant was: evolution 


what change is. 
dynamie concept in static terms. 


is a process of change, each change being 
an improvement in adaptation to the 
environment, and resulting in an in- 
erease of complexity. 

LeConte that development is 
according to certain laws. What are 
these laws? His first law is the law of 
differentiation—inereasing complexity 
and specialization. His second law is 
the progress of the whole. What this 
‘‘whole’’ is, he does not make clear; but 
whatever it is it seems to progress in the 
direction of inereasing complexity. 
Since this seems to be its chief charac- 
teristic, the second law does not add any- 
thing to the definition, but merely 
restates the first part of it. The third 
law is the law of cyclical movement—an 
unimportant and practically negligible 


says 


law, as he himself admits. We have 
left, after this partial sifting of this 
definition, change, differentiation and 


‘resident forces.’’ This latter element 
we shall now consider. 

LeConte’s ‘‘resident forces’’ are 
ural forces and therefore resident or 
inherent, as all natural forces are in- 
herent. They are God, divine will, or 
vital foree imminent in nature. Thus 


nat- 


LeConte assumes God as the resident 
foree which is in nature and which is 
responsible for the process of change 
and differentiation. 


But how this 
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change and differentiation comes al 
} } 

he does not make el i! us 

Let us sum up this d I sv 
have interpreted it. Evolution is t 
ind differentiation n the dire DI 
greater complexity, by means a \ 
ores Tl S 1S apparentl' ‘ t} T we 

A hii : appa i . «aa bia t y 
have left that is meaningfu There is 
nothing expressed in this definition 
which has not been expressed before: it 
merely brings some of these thoughts 
together t orm one concept Chang 
we have found. goes ba as far as 


Heraclitus; the idea of complexity we 
found in Lamarck, Darwin an 
Darwinians: differentiation we 


Spencer; an 


1 ’ ’ 
j tne vita roree r (od 18 


the Christian concept Thus as we turn 
trom a consideration of LeConte’s defi 
nition to creative evolution, let us bear 
in mind that he summed up some of th 
ideas concerning evolution which came 
fore his time. 

Bergson’s philosophy claims t 


scend both mechanism and radical fina 


ism, although it 


does par 
second to a certain extent 


phy regards the world as an organized 


whole The harmony, however, S tar 
Irom pertect; it admits much discord, 
because each species, each ndividual 
even, retains only a certain impetus 
from the universal vital impulsion 
Life, then, is the continuation of one and 
the same impetus, which is divided into 
divergent lines of evolution, each line 
preserving some of the essential causes 


working along it, and tl ro 


element accounting tor the 


= : 
cnoiog1cal 


fact that we find similar effects at the 


ends of two different lines of ey 
He examines the current theories of 
maintains that none of 


evolution and 


them is 


sufficient to account for the 


facts. Each represents an aspect of the 
process, and thus is only partially true; 
they are only partial views of a reality 
them all 


finds in evolution an origina! 


which transeends Bergson 
Impetus of 


life, passing from one generation to the 











next through the developed organisms 
which bridge the intervals between the 
generations. This original impetus, 
Bergson thinks, is sufficient to account 
for the facts and process of evolution. 

Bergson makes his idea of the original 
impetus clear by the use of a number of 
illustrations. A vertebrate eye, he con- 
tends, should not be thought of as a sum 
of many parts, but as having a single 
process or activity—vision. The move- 
ment of an arm from point A to B 
should not be thought of as an indefinite 
series of positions, but as a _ single 
unitary Again, he thinks of 
the process of development as a subter- 


pre eSS, 


ranean stream which is forcing its way 
through rock and sand, and whose course 
is being determined by that which it en- 
counters as well as by the force which it 
maintains. Or again, he thinks of this 
process as a rocket flying through space 
and bursting. 

This, in essence, is creative evolution: 
‘Consciousness, or supraconsciousness, 
is the name for the rocket whose extin- 
guished fragments fall back as matter; 
consciousness, again, is the name for 
that which subsists of the rocket itself, 
passing through the fragments and 
lighting them up into organisms.’’ A 
vital impetus passing through matter— 
the inverse foree—and the interplay of 
these two forces, or the unrolling of this 
conflict, is evolution. Evolution is not 
a building-up process because the parts 
are complete and finished, neither is it 
progressing according to a plan, else it 
would be created already. It is a uni- 
tary process, simple and indivisible, an 
action and not states. From this point 
of view 
life appears in its entirety as an immense wave 
which, starting from a center, spreads outwards, 
and which on almost the whole of its circum- 
ference is stopped and converted into oscilla- 
tion; at one single point the obstacle has been 
forced, the impulsion has passed freely. It is 
this freedom that the human form registers. 
. .. As the smallest grain of dust is bound up 
with our entire solar system, drawn along with 
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it in that undivided n 


is materiality itself, so all or 


from the humblest to the highest, fro: 
origins of life to the time in which we 
in all places as in all times, do but 
single impuls tl vers 

of matter, and in itself indivisibl All t 
ing hold together, and all yield to 


hy 


tremendo nu 
tremendous push, 


In passing from the nineteent] 
tury to the twentieth and to er 
evolution, the reader 
been struck by the marked 
between the 
philosophies of the nineteenth cent 


has undoubt 


naan 
liffere: 


evolutionary ideas 


and creative evolution, which wi 
just The earlier 
phies, with the exception of Sp 


considered. 


dealt largely with biological ev 

and the origin of species—the produ 
of evolution. 
so much about the origin of species 
him evolution is a process, a creatiy 
not states or products of evolution 
the process of becoming. He crit 
earlier evolutionists for thinking o1 
terms of and 
action. Creative evolution is simple a1 
readily understood when compared 


Bergson is not con 


states not in terms 


rocket which is given an initial p 
and which push persists throughout 
entire movement. The movement is 
and indivisible, its unity being essent 
it is a single act—a single impuls 
resisting matter. The rocket bursts a1 
the sparks fly in different directions 
resenting the divergent 
tion; but all is due to the single ir 
and limited push which makes the ent 
movement a single act. 
Thus as pass 
creative evolution to Morgan’s emergent 
evolution let us bear in mind thes 
points: evolution is a unity—a sing 
movement—and an unrolling of the co! 
flict between the original or vital impetus 
which is realizing itself in matter, and 
matter which is the inverse 
When we thus understand evolution, © 
see the forest and not the trees whic! 
our intellect insists upon examining 


lines of ev 


we from Bergson’s 


action 

















that evolution is the 
name we the 


nlan of sequence in all natural events.’’ 


Morgan 


says 
give to ‘*comprehensive 
Emergent evolution, then, lays stress on 
the ‘‘incoming of the new.’’ The advent 
of life. the advent of mind and the ad- 
vent of reflective thought 
examples of this ‘‘incoming of the new’’ 

emergence. The 
gence are beyond the ability of man to 
number, for in the physical world the 
advent of every new kind of atom and 
of each new kind of molecule is an ex- 
This new molecule 


are salient 


instances of 


emer- 


ample of emergence. 
rearrangement of pre- 
existing part The 
characteristics and qualities of the sub- 
stances from which it formed 
one, but those of the new molecule are 
another, and vastly different from those 
of the elements. It 

new ~ 


than a 
it is something new. 


is more 


was are 


is something ab- 
solutely new—a form of related- 
pa = 

In brief, emergent evolution may be 
summed up, in part at least, by quoting 
the following extracts. Diagrammatic- 
ally emergent evolution is represented 
by a pyramid. 
a swarm of 


Near its base is atoms with a 


relational structure and the quality we may call 
atomicity. Above this level, atoms combine t 
‘orm new units, the distinguishing quality of 
which is molecularity; higher up, on one line 
of advance, are, let us say, crystals wherein 
atoms and molecules are grouped in rela 


which the 


new 
tions of expression is crystalline 
form; on another line of advance are organisms 
with a different kind of natural relation which 
gives the quality of vitality; yet higher, a new 
kind of natural relatedness supervenes and to 
its expression the 
under safeguard 
applied.s 


‘*mentality’’ may, 
from journalistic abuse, b 


word 


As a part of his constructive philoso- 
phy Morgan takes under acknowledg- 
ment three things: 

First, we acknowledge a system of physical 
events, intrinsically existent, as that which is 
basally involved in our complete scheme. Sec 


ondly, we acknowledge God as the ultimate 
Source on which emergent evolution is ulti- 


mately dependent. Thirdly, we also ac 


Pp. oo. 


* Morgan, ‘‘Emergent Evolution,’’ 
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In er rent evolution each new e1 
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progress from lower to higher levels 
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But the new is not a rearrangement or 
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mixtul of that which previously ex 
isted ; it is something ne with new qu 
ities and characteristics—an emergent 


form of related 


The emergent is a new 


ness supervenient on the lower levels 


Thus the whole process is one, because 
the emergent involves the lower levels 
and the lower levels are dependent upon 
the new emergent. The whole process 


from base to apex is psychical, 


similar in some respects to bergson’s 
creative evolution. It is difficult to erit 
icize Morgan’s constructive philosophy 
because he avowedly takes upon ac 


knowledgment the physical world and 
the Nisus or God through 


emergents emerge 


VW hoss activ ty 


For better or worse, wi I that t 

roper attitude of natura s strict 
t erew I, for st t 
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The last of our twentieth century con- 
cepts is found in Patten’s ‘‘The Grand 
Strategy of Evolution.’’ Patten be- 
lieves that evolution is a continuous 
creative process passing from infinite 
chaos to infinite perfection, and that 
‘‘mutual service is the great creative, 
disciplinary, and saving force of nature. 
It tends to give community and harmony 
of action to her constituents, expressing 
itself in an evolution that inevitably 
leads toward the fulfilment of their in- 
herent possibilities. ”’ 

It is evident, since evolution is a 
single process, that there is some uni- 
versal, creative process back of evolution 
and common to all phases of evolution 
—inorganic, organic, mental and social. 
For Patten, this creative process is ‘‘co- 
operation, or mutual service.’’ This 
law of cooperation is expressed by the 
simple fact that when two or more 
things are brought together into a 
definite spatio-temporal relation to one 
another, and act together cooperatively, 
a new thing appears with new qualities 
and new cooperative powers of its own 
which did not previously exist in its 
constituents. Water formed by the 
mutual cooperation of oxygen and hy- 
drogen is a new creation with new qual- 
ities and possibilities for world service. 
The single cell is a system of cooperating 
proteids and other agents, and its dis- 
tinctive attribute is life. Patten intro- 
duces another concept which he calls 
**creative drift.’’ All the acts of nature 
form one continuous creative process 
which ‘‘flows out of an unlimited past, 
through the present, into a limitless 


future.’’ This one great process, though 
infinitely varied in local expression, 
maintains one common direction or 


‘*drift’’ which may be expressed by the 
word progress. If we extend our con- 


cept of progress by looking farther and 
farther into the past, we approach the 
beginning and see nothing but a futile 
conflict of chaos, a primordial simplicity, 
continuity and uniformity. This is com- 
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c< 


with the absence of 
forward we 


plete ‘‘freedom’’ 
operation. Looking 
from a beginning in universal confi 
in vastness, sameness and emptiness 
creative fulness and clarity of infi 


organization and unified cooperati, 
power. 
Patten thinks that the services 


rightness involved in the creation of 

particular thing always present a n 
or less pyramidal series with the ‘‘m 
general, elemental, and enduring p! 

of the creative process at the begin: 
or base, the fluctuating and special 
the end or apex.’’ 
graded series passing from isolation 


This pyramid 


potence, freedom and chaos to com] 
sion, stability, power, unity and per! ; 
tion; it is a broad pyramid of mut 
services and constructive rightness 
Patten’s concept will perhaps be n 
a little more clear if we draw a par: 
between it and emergent 
Morgan e¢alls evolution a process of en 
gence, and the new thing an emergent 
Carbon bisulphate is an emergent 





evolut 


higher form of relatedness—which 
volves carbon and sulphur, bot! 


which have characteristics vastly difi 
ent from the emergent. Patten bel 
that when elements are brought toget 

a new thing is formed which he calls 
product. This product is the result 
mutual cooperation of the elements fro: 
which it was formed. Water is a new 
product formed by the mutual coopera 
tion of hydrogen and oxygen. A further 
similarity is that of the things assum: 

as the starting-point for a construct 
philosophy. Morgan under a 
knowledgment a physical world in ti! 
and space, and God as the Nisus of t 
process. Patten says that we must as 

sume matter and energy, time and spac 

Thus the difference here does not seem 

to be one of concepts used, but of pa 

ticular terms used. A further similarity 

is in the diagrammatic representation : 
Morgan employs a pyramid with spac« 

time at its base, and divinity, theoret! 


takes 

















cally and individual, at its apex. Patten 
also employs the pyramid with ‘‘the 
more general, elemental and enduring 
phases of the creative process’’ at the 
se and unity at the apex. Both have 
concepts at the base and apex which are 
very similar, and within the pyramid 


na 
Da 


there are gradations or levels. 

Now that we have examined the vari- 
ous definitions, theories and philosophies 
of evolution, we come in the end to close 
quarters with the problem, namely, the 
concept of evolution itself. Have we 
arrived at any definite results? Let us 
see, first, how the matter stands with 
organic evolution. 

Biology was the first science to lay 
any strong claim to a theory of evolution, 
hence it is not strange that many have 
associated evolution only with organic 
When we first turned our 
attention to the concept of evolution we 
were immediately told to go to Darwin 
This 


we have done, and now we ask, What 


development. 


r to the biologists for our answer. 


have we gleaned? 

What are some of the great outstand- 
ing ideas which we have found in organic 
evolution? The first is probably the 
common origin of plant and animal spe- 
cies. Common origin is an idea which 
we traced as far back as the Greeks. 
Thales claimed that water was the source 
of all things. Others of the 
named earth, or air, or fire, or even such 


Greeks 


an indefinite concept as ‘‘the boundless”’ 
as the source of all things. The great 
host of eighteenth and nineteenth cen- 
tury biologists all started with the com- 
mon hypothesis of the single cell from 
which all the complex forms of life 
developed. Thus, as we have seen, all 
the theories of organic evolution seem to 
have this one fact in common—the fact 
of the common origin of plant and ani- 
mal species. This is significant. All 
life has come from one common ‘‘stuff’’ 
by some process. 

If we assume common origin, immedi- 
ately we assume common descent, and a 
genetic relationship between the indi- 


viduals and the species w! ic} have ad 
scended All the theories of I ! 
evolution have assumed these things t 
be true, and the great burden of their 
proof is to demonstrate these assump 
tions and the mechanism or p 
which will account for them If they 
have solved this problem, well and good 
but have they? 

Th genetic relationship spe S 
the common origin of all plant and ar 
mal life, the descent of man from so1 
ape-like stock are ideas that are accepted 
by men of science at the present time 
The study of evolution which we 
made in this paper confirms 1 r t 
weakens the theory of organic evolut 
But, strange to say, this is practically 
all that is known of organic evolution 
Text-books on evolution at t prese} 
time are largely devoted, first, to the fact 
of evolution: second, to the evidences « 
the fact drawn from comparative a1 
omy, from embryology, from geolog 
from zoogeography and from rudimet 
tary organs, and third, to the 1 
theories, or the manner of evi on 
the principal theories being those of 
Lamarck, Darwin’s theory 
selection, De Vries’ mut n tl 
and various orthogenetic and idioplas 
mie theories. Of these, Darwin’s theory 
is the most famous, but at present it is 
passing more and more under serious 
criticism 

The plain fact is that at the cl f 
the first quarter of the twentieth cer 
tury, while the fact of evolution is 
accepted more and more, neither tl 
cause, manner nor meaning of evolutior 
is known 

At the same time that t t 
descent w rd 
rence i Sane ‘ $« r and 
reserved about what I ving 
force behind descent. What is tl ture 
that has kept not this e capacity 
to |} luc w sp s? How is it that f 
age to age large and ever larg fl s of new 
f s have burst forth? To this question no 
biologist has a clear and quivocal answer. 


WHAT IS EVOLUTION? 
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Again we may quote from Bateson’s 
‘*Problems of Geneties.’’ 

The many converging lines of evidence point 
so clearly to the central fact of the origin of 
forms of life by an evolutionary process that 
we are compelled to accept this deduction, but 
as to most all the essential features, whether of 
cause or of mode, by which specific diversity 
has become what we perceive it to be, we have 
to confess an ignorance nearly total.7 

Osborn in ‘‘The Origin and Evolu- 
tion of Life’’ says: 

In contrast to the unity of opinion on the 
law of evolution is the wide diversity of opinion 
on the causes of evolution. In fact, the causes 
of the evolution of life are as mysterious as the 
law of evolution is certain. 

We could make many more similar 
quotations from prominent present-day 
biologists and zoologists, but the author- 
ity of these three is sufficient to substan- 
tiate our statement. 

Because of this 
known as to the causes, 
meaning of evolution—the fundamen- 
talist controversy has arisen. Because 
evolutionists admit their lack of knowl- 
edge of the causes, the fundamentalists 
go a step further and deny the fact of 
evolution. No one would deny the fact 
that the sap rises in the trees in the 
spring time, and yet we do not know the 
causes which are responsible for this 
phenomenon. 

As the scientist and the philosopher 
usually look for a cause, so we ask, What 
is the cause of species formation? If we 


fact—that little is 
manner or 


assume that natural selection is the 
mechanism of species formation, then 
the question arises, What makes the 
mechanism go? This question the 


theories of biological evolution do not 
answer. None of them assumes any 
force which is the ‘‘push’’ of the mecha- 
nism. This is particularly true of Dar- 
winism. An apparent exception may be 
seen in the various orthogenetic theories, 
such as that of Eimer and of the other 
orthogeneticists, which are very interest- 
7P. 248. 

8 Pp. viii-—x. 
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ing but which merely present a myst 
factor that is not enlarged upon. [: 
cations such as these do point in 
direction of a philosophy of evolution 
Lastly, we may say that the terms 
used by the last century biologists 
too narrow. They talked of variati 
selection and heredity, which concept 
can not be employed in general ev 
tion. The development of life—s) 
formation—is only a small part of ey 
lution. Thus the concepts employed 
Darwin, and the others 
wholely inadequate when we deal wit 
inorganic, stellar, social evolution, or t 
evolution of the mind. The process 
development is one process and we must 
use such concepts as will be adequats 










Spencer 


all phases of this process. 

Thus we have found that many the 
ries of organic evolution have been « 
fered; but still the origin of species r 
mains unknown and the manner 
species formation doubtful. Darw 
presented an elaborate and most inte! 
esting theory which held sway for over 
half a century; but we have found t! 
it is very disappointing, for as an ex 
planation of the process of evolution 
leaves sO many unanswered questio! 
that we must honestly say that at 
present time we get little help fro: 
theories of organic evolution as to th 
philosophy of evolution. 

Since this is a philosophical inquir 
into the nature of the concept evolutio: 
and since we get little or no help fror 
the theories evolution, wv 
must turn with great expectation to t! 
‘‘real’’ theories of evolution, or the phi 
losophies of evolution. What 
philosophies of evolution which we have 
examined, and what light do they throw 
upon the concept? 

The first evolutionary philosophy 
which we met was Aristotle’s. For him 
all life, yes, all things, are in a process ‘ 
of becoming. The potential—matter 
is being realized in the actual—form 0! 





} 
+} 


of organic 





are the 








V 











dea. There is no matter without form, 
nd pure form—that which has no 


matter—is the prime mover or God. 
This process ot re alization of the pote n- 
tial in the actual goes trom simple to 


complex with pure form at the end, or 
sha | we Say apex ? H. W. B. J ost ph, In 
his recent Herbert Spencer lecture, ex 


he believes that this 


plicitly states tha 
Aristotelian concept is the true concept 


of evolution. He says: 


, 

l s no process ot deve I ent u ss 
— 1 4) : 

what develops is all the time that which comes 

to be; and again, there is no process of devel 


nt unless it is not in the same way so 


the earlier and later phases. This is... th 
old account, put forward by Aristotle in thé 
untithesis of the potential and the actual 


Now let us consider the significance of 
Aristotle’s concept of becoming and its 
similarity to more recent philosophies. 
Aristotle said that matter is realized 
n form, thus he assumed matter and 
form or idea or God, the latter being th: 
prime mover. In the twentieth century 
philosophies, we find assumptions simi- 
lar to those of Aristotle’s. Bergson 
assumes matter and mind. Morgan 
acknowledges matter and God who is 
the Nisus of the process. Patten makes 
similar assumptions. Thus the striking 
fact is that most of the outstanding 
philosophies of evolution have the same 
assumptions under different, yet similar, 
nomenclatures. But the similarity does 
not end with the assumptions; there is 
further agreement. Aristotle said that 
it is a process of becoming—of realiza- 
tion. For Bergson it is a process in 
which mind is realizing itself in matter. 
For Morgan it is a process of relatedness 
due to the Nisus—God—who works 
through all. Thus we see that not only 
the materials of the process, but the 
process itself, is the same in all these 
systems. The process is the same in 
every case, but the imagery used in 
elucidating it is different. Thus it may 
be that our particular type of imagery 
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$ given rise to mal l S 
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B reruuly pDse!r 

Si An le is . 
aeve cf er than ( 

tio The pr ss trom the 
; ‘ g hy F 
erent nterpre ns It might 
understood to claim it Ar le’s 
i T ¢ ci¢ ( T Ss W t} T S 
¢ rison, or it is qu I 
he he i i | Vt e} SPT: S ( 
which would e expresst Ss me ! 
better than the one he did el} e, Si 
the rime move! S ere ‘ 
velopmental fores ! ng rather 
c elling, this systen ears 
what we should eall a the ( 
evi lut n 

An elaborat ind captivating 
losophy of evolution is tl of Sper 
His famous formula held sw in tl 
realm of thought ra ng time, | 
how it Ss rect ne into the h col 
Why? Becauss has not thrown lig 
upon the concept of ev Pe 
to-day are seeking { ‘ late 
cept of evolution in s Pr ~ 
Urban says, ‘‘Spencer’s 
proved ve ry disap! ei ha this I 
spect, and thus it must be d asid 
other and more fruitful suggestions 

Evolution, we have s me u 
rolling or unfolding—the eit | 
coming explicit This is ex y wi 
Augustine believed deve ent wa 
an unrolling or unfolding with tl] 
plicit becoming expli Thus Augu 
tine’s philosophy is true to the tern 
But in our study of more recent pl 
losop! es of evolution we hav foun 
that evolution is not an unrolling but 


build 


new 


recen 
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placed upon the new and upon creation. 
The molecule is something new, the 
crystal is something new, life is a new 
attribute, mind is a new quality. The 
new was not implicit becoming explicit ; 
it is a creation, an emergent. The new 
Ford car was not implicit in the chariots 
of the Pharaohs; it is the result of a 
building-up process, each addition being 
a new creation. The cinema was not 
implied in any of the ancient civiliza- 
tions; it is a distinctly new factor in our 
modern social life. Thus it seems that 
the term ‘‘epigenesis’’ would be better 
than evolution since the process is one 
of up-building. True, but associations 
have grown up about this term in biol- 
ogy which would make it undesirable. 
Also it is a forbidding, harsh-sounding 
word which makes it unpopular. Are 
there other possibilities? Is there not 
some other term which would better de- 
scribe the process? If the meaning of 
evolution is that it is a creative process, 
as we believe it is, in which something 
new appears at every step, then evolu- 
tion is a process not of unrolling, but of 
up-building, and every change is a trans- 
formation. Thus the~- French word 
transformisme is a much happier term 
than the English evolution, or the Ger- 
man Entwickelung. 

Again we may call it organization, for 
we have seen that the new does not come 
as a process of unrolling or by a mere 
addition process, but as the result of 
organization. This term seems to be 
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better than the old term evolution. 
even it is not descriptive of natu 
efforts. If we employ this new 

organization, we are led to assume s 








organizing force, a life force, élan 
or a creative God. We have seen 
all the recent philosophies of evolut 
assume or take under acknowledgm 





It is on these ‘‘ for 
tive that 
cumulative and synthetic, that ou: 


some such foree. 
forees,’’ forces are creat 
terest is centered. 

Thus we have come to believe that 
problems of evolution are metaphys 
We are at an end of biological p! 
phies. ‘‘The doctrine of emergent « 
lution and of metaphysical levels n 
the break-down of naturalistic ey 
tion.’"° ‘*Thought,’’ Urban 


in the position either of abandoning t 


Savs 





concept of evolution as in any sensi 
world or else making lif 
ultimate concept.’’ What, then, is 
outcome? Just this, that we must 
unthink all our nineteenth century 
and approach the problem anew W 
have found that evolution is not an 
rolling or unfolding 
plicit becoming explicit—as the 
would indicate, and as we thought; but 


concept 


pre cess 


it is a process of building up, a p1 
of emergence, or a ' Cl 
which we may eall, as Dr. 
suggested, creative effort. 


process ol @ 


Patrick 


10 Urban: Philosophy 
Last Quarter Century,’’ Philosophical Revieu 
March, 1926, Vol. 35, No. 2. 


‘*Progress in 

















REMINISCENCES OF AN AMATEUR 


BOTANIST 


By Professor FREDERIC T. BIOLETTI 


UNIVERSITY 


THESE reminiscences of botanical ad 
ventures will perhaps be considered 
trivial, even frivolous, by serious read 
ers. An account of them might mor 
appropriately be called confessions and 
they may have some value as a warning 
to the heedless. 
When I took up my botanical studies, 
ey can be described by such a digni- 
fied term, Professor Edward Lee Greene 
occupied the chair of botany at the Uni- 
versity of California. Among his stu- 
dents at that time were Willis Jepson, 
V. K. Chesnut, Walter Blasdale and sev- 
eral others whose names have become 
well known as botanists and collectors. 
My first confession is that I took up 
the study of botany without any par 
ticular consideration and continued it 
without any serious purpose. The ocea- 
sion of my commencing was probably 
the fact that my college chum, Chas. A. 
Michener, had enrolled in Professor 
Greene’s courses, probably to find an 
outlet for a fertile imagination and a 
large amount of spare time, neither of 
which was sufficiently oceupied by his 
prescribed courses. Michener had the 
remarkable and useful faculty of pass- 
ing a first section examination in any 
subject without previous study. 
sotany in fact was not a study for us 
but a sport. We used it not as a means 
of obtaining credits in prescribed sci- 
ence but as a substitute for football 
games, track events, writing poems for 
the Occident and similar campus activi 
ties. We belonged to none of the recog- 
nized schools of botany. We were not 
physiological nor cytological nor ecolog- 
ieal botanists, hardly even taxonomic or 
systematic botanists. We belonged per- 
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F CALI RNIA 


ps to the romantie school of bota 
We used the field of botany not 


| 4 } 
labora ory but as a piay-gi und ul 


heroes were not DeBary nor Strasburge1 


nor Zimmermat! not evel Prant! nd 
Engler, but Theophrastu Rafinesaut 
d Edward Lee Greens 
horrent to us If a plant had a know 
eul u Value we des sec it \) 
plat which attracted the tt¢ n < 
farmer or of a gardener was character 
ized by the contemptuous epithet 
‘vegetable’? and we refused eve 


. , 
ay + 
icarn 1tS name 


We spent the first weeks of our first 


course in learning the technical terms 
the vame We were taug! t by Profes 
Greene that to speak of ‘‘a plant wit! 


roundish leaves that grows in 


woods’”’ was indefinite l'o di I i 
leaf as peltate, with repand margins 
fugacious stipules and tomentose Indu 
ment was both definite and impressivs 


We dabbled later a little in plant 
physiology and cytology with Profess 
Osterhout, but these activities were n 
botany as we understood it 


Later we were introduced to another 


series of terms by means of which we 
were to arrange plants in orderly 
armies, corps, battalions, regiments and 
companies. We learned the insignia of 
the armies of the Exogens and of the 
Endogens, the dress and accoutrements 
of the Chloripetalae, the Sympetalae 
and the Apetalas We learned the 


position and relation of the Gramindae, 
the Leguminosae and the Rosaceae 
We learned shibboleths which enabled 
us to distinguish a papaver from a 


] 


erucifer and a labiate from a scrophu 


larid. 


At this point we commenced the real 
business or sport of botany. We were 
instructed in the art and mystery of 
collecting. We were shown that the 
successful collector did most of his work 
on his hands and knees. We learned 
that a rest of fifteen minutes on a grassy 
knoll or the edge of a swamp was often 
more fruitful in discoveries than a hur- 
ried walk of half a day. We were 
taught that a pertect specim n consisted 
of a whole plant, including fruit, flower 
and root. 

In our striving for perfection this 
ideal turned our attention to the smaller 
forms of the higher plants. Vith the 
specifications, it seemed impracticable 
to prepare perfect specimens of a 
sequoia or of an Echinocystis megarhiza. 
Later we discovered methods of approxi- 
mating our ideal even with many shrubs 
and trees. Some, however, such as most 
of the conifers, remained permanently 
outside the field of our endeavors, owing 
to another limiting rule which confined 
a specimen to the size of a standard 
genus cover and required it to be sus- 
ceptible of filing in our standard 
cabinets. 

We were given certain rules based 
principally on the structure of the flow- 
ers. These flowers we dissected for ex- 
amination, and interpreted our observa- 
tions by means of analytical keys. One 
limitation of this examination was that 
it should be made with the unaided 
senses or at most with the aid of a pocket 
lens. Any character which could be 
perceived only by means of a compound 
microscope or of a test tube was of no 
value. You could not add a laboratory 
to the pack which a collector was obliged 
to carry. 

The use of the senses was interpreted 
in a very liberal way. We became ex- 
pert in detecting families, genera and 
species by smell and taste. In this, how- 
ever, our skill never equaled that of 
Professor Greene, who was enabled to 
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separate the Cichoriacea 
Compositae and align them w 
Lobeliaceae by the facts that 
of Lactuca virosa and oft R 
produced nausea in the hu 


and that Lobelia and Sor 
eaten with equal relish by th 
These facts account for the d 


which we looked upon the ‘‘¢ 
nist’’ and his paraphernalia 
} 


scopes and ot aesiecated 


tary type specimens 


Finally, as skill increased, 
independent of rules 3 
we were able to place a 1 
sight within a few lines or p 


proper position in ‘‘ Flora Fr 
Though there was some loss in a 
there was great increase in speed 
was of importance in amassing 
labeling a large collection. Our 


ies of ( 


tion at this stage was to possess 

barium containing all the spec 

fornia and most of those of the wor! 
In determining the exact place 


species new to us, however, we st 
to do some humdrum and time 


ing work with analytical keys 
scriptions. In desperation we W 
often take our specimen to P1 
Greene and he would usually obligi: 
furnish us with its name. Somet 


when he was busy, he would refer us t 


his favorite and star pupil, now kn 
to all botanists as Professor Jepson. 

Professor Greene was inclined sor 
times to be mildly sareastic. Once wl 
I brought him a specimen which | 
foiled me he remarked, ‘‘ Why, 
Jepson knows that!’’ 

Our method in tracking a species 
its lair in the pages of ‘‘Flora Frat 
eana’’ was, after making a usually s 
cessful guess at the genus, to trac 
through the species key with occas 
reference to the full description. It v 
essentially a method of determinatio1 
elimination. If there were ten spec 
in the key and we satisfied ourselves t! 
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t eould not be any of nine we concluded 


it it must be the tenth. 

This method was often suecessful so 
ong as we confined our collecting to th 
immediate bay region. On one mem- 
rable occasion, however, we were 

rmed by Professor Greene that not 
nly was our specimen not of the species 
we had chosen, but that it was not ar 
me of the species described in the 

‘Flora.’’ It was, mirabile dictu, an 
idition to the ‘‘Flora,’’ a_ speci 
which had escaped the eagle eye of P1 
fessor Greene himself. 

Most of the additions made in this 
way at first were introduced plants and 
those which we found were much fewer 
than those found by Professor Green 
himself during the same period. W 
were rather piqued at this and almost 


suspected him of scattering foreign seeds 


one year to be found and chronicled as 
introduced weeds the next. 

Our operations, which commenced on 
the campus, were confined for some time 
to the hills, plains, cafions, marshes and 
vacant lots of the immediate vicinity o1 
Berkeley. Its flora was and undoubt 
edly still is very rich and for many 
months we rarely failed to add several 

: species to our collections on each trip. 

es In time, however, we were reduced to 
the counting of the number of species 
which we could see in bloom on a trip 
and to making sets of specimens of any 

Le species which we found abundantly in 
perfect condition for collection. In this 
way we become very familiar with the 

ey species of the Alameda and Contra Costa 
side of the bay within four or five miles 


t of the shore. We also accumulated a 
fair collection and a considerable supply 

of exchange specimens. 
it To give scope to our ambitions and 
energy, we were soon obliged to extend 
. our forays. We tackled first the sand 
hills between San Francisco and the 
g ocean, the hills and valleys, the woods 





and marshes of the Marin County penin- 
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secruple. To capture a beautiful and 
apparently new Ribes in a remote gorge 
on the slopes of Hood’s Peak, to bring 
it back to camp in triumph and then to 
find that it had already been branded 
Ribes Victoris was intolerable. 

Professor Greene as the Great Chief 
was of course free from all restrictions. 
We had too much to gain from his 
friendship to object to his hunting on 
our grounds. It was Professor Greene 
who used the names Michener and Bio- 
ietti several times in christening some of 
our discoveries. For this we were deeply 
grateful. 

It was at this time that the great 
tragedy of my plant-hunting career oc- 
eurred. From a distant foray on the 
San Joaquin River I brought home an 
inconspicuous plant which Professor 
Greene pronounced not only a new 
species but a new genus. He named it 
and published it as Burolettia riparia. 
Alas! Some meddling investigator ex- 
amined the specimens and, seeing a 
chance to scalp the professor, stated that 
it was an old and introduced plant 
already named. Professor Greene later 
acknowledged that the plant was per- 
haps not a new genus but maintained 
that it was a new species of so divergent 
a form that it was doubtful whether it 
should be retained in the old genus. 

Of course I sided with Professor 
Greene; especially as Michener kindly 
pointed out that a mistake of this kind 
made my name ineligible forever as a 
generic name and spoiled my chance 
of standing beside the prototypes of 
Vancouveria, Zauschneria and Esch- 
scholtzva. 

During all this time we were continu- 
ally adding to our herbarium by collec- 
tion and exchange. We found that new 
and rare species were in particular de- 
mand. In fact, a single specimen of a 
rare species often secured us several new 
names for our herbarium. Some of 
these species had a very limited range or 










perhaps only a single locality. We w 
tempted to try to corner the maz 
We laid dark plots to collect a 
supply of specimens of the rarest 
then to exterminate the species. | 
glad to be able to say that we never « 
ried out any of these plans. 

After about two years of activ 





lecting, our herbarium began to ass 
the proportions and characteristics 
white elephants. I was labeling and 
ranging mine, receiving and se 
off bundles of exchange specimens 
ing every spare moment. Michene: 
the advantage of possessing a 
trained and accommodating mother 
sister, who did much of the wi 
him. At length we were forced 
conclusion that a man who had to 1 
his living must either give all his tim 
botany or much less than we wer 
ing. We decided, therefore, to co! 
our collections, to get rid of all our s 
plus specimens and to cease excha 
This enabled me to do a little « 
work and graduate. We could not 
up botany altogether, however, but 
lowed our pride and changed from 
lecting to ‘‘closet botany.’’ We s 
what time we could spare in stud 
our collections, the collections of ot 
and the literature of the subject. 

It was at this period that we ex; 
enced the joy not only of finding a 
species but of describing and publis! 
it. New species were hard to find, | 
we published several. I am not su 
whether other botanists accepted 
work—botanists are a jealous tribe 
we had great confidence in it. If 
name was ineligible as a genus na! 
there was no limit to the number of s 
cific names it might follow. 

We soon found that there were n 
more prolific ways of having your ! 
attached to species than by finding 
describing new ones. There were 
eral schemes. 
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y = on ‘ n old recog , 
qd split it up Into a numbel erou 
0 it one Ingenious operato) 
the common. blackberr 
nd divided it up into twenty ea 
ty packets, all but one « rs | 
rr na which he there! 0 
ta to attacl | S ] ( 1 
scheme was to combine oO} ‘ 
It was evident rossi ble S 
x eans yb Oo unlimite nu 
R es Protessor Greene was \| 
l this game N 
\ st excellent and tru ll seh 
( Linnaean genus and g@ive 
e WwW t probablv had in \ 
e Ages In this way one could O 
e evel he common or garde) ! 
es. This, however, required 
earning ha researe! 
IS Besides, Otto Kuntze has t 
Lac IS Game scarce \bi 
\ ese schemes, however, had sel 
ectiol They irritated vou dest 
Hotanists It disturbed their } S 
S, espe v those of the amateurs rn 
it epreciated the value of the stock 
ecdae n which tl ey had a paimmrully sent 
ured vested interest (;reen 
Chas. Michener, with his usual ing speci 
contrived a scheme which was be g 
rom all the objections to the Eruth 
mes and at the same time was eas Py 
ppheation and fruitful beyond am and 7 
em well-1 
was Similar in prineiple to the d spe t] 
es by which astronomers are enabled — find 
nnounce the existence of stars befor es | 
actual discovery and by whicl plied 
lists reveal the qualities ot elements CoN 
compounds which no man has see? no sue 
andled. what 
Michener based his invention on ob <2 
P ed tacts of current botanical taxon (;reel 
A genus is a group of plants hay have 


fundamental characters i 


certain 
mon which distinguish them from a 
piants., 


These characters indieat« 


ationship which it is convenient te 
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late : ) pmioened rie ( 
mv species, B. decora, di 
ol these SImp »\ The 
caflets re rie Spat 
there ore ray wt nadine 
ture 

Nonsense! Young 1 
modest The difference 
Your plant does not exis 
has no leaflets at 

Your observation 6 
does not exist Mav or 1 
rect but on case it 
ybyJection 

In the first place, ve 
ake It may exist and 
ing a more thorough seat 
In the seeond plac W 
fully the OSS flora o 
will find that few or no 
deseribed by Linnaeus 
Hooker, Asa Gray or « 
Professor, existed a few 
sand vears avo 


ibeordate Now 
ffers from. bot] 
et that the 
late It has 
“ thre thy 
] me To 
Ss] eh ore e) 
tT ane Theretore 
not he eo 
s not valid 
) ma he mIs 
0} in Wi 
| if our flor 
Ce eNAT ne cnr 
the world we 
eo The Species 
Bentham ane 
en b vourself 


undred thou 


however, will reveal numberless species 
closely I’ ted to those ot the presel 
day Manv differ no more rom spect 
ot the present aa\ than does Burbankia 
tmoena trom B. concinna An alert and 


1 in thre 


botanis 


acute ae 0 SEGUOLS 
eould ( ve Toreses na deseribed 
ole or more Ol the essen?tria specie qiil 
jerences ot S qgantea and & SED De 


rirens, even Ti ugh These 


did not then exist or were so rare tl] 
the had escaped t he notice ) the mo 
active col ectors of the time An wi 
") \ | 7? ] a} vr} ioht 
usuall\ earned monographel migi 
even nave roreseen Biolettia riparia 


have evel 


leve that in the next hw 
or milhon vears evolution 


That Mr 


are e\ 


IS ( nough, 


serious, it is 


vou 
have a most deplorably | 


the world and of its 


/ 
Ol 





\ reason to 


he 
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dred thousand 


Michener. Ti 


cle nt that vou 


alse eonet pti nn 


origin 
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THE MUSEUM OF SCIENCE AND ITS RELA 





NDUSTRY 








By Dr. F. C. 





BROWN 








IN any type of museum there is som 
purpos toward which it Is ming, but 
quite trequently the service that a mu 
seum renders may be more important 
outside the field of its main endeavot 
Hlowever, it makes for efficiency if the 
purpose can be defined and the r 
sources of the institution can be ¢o1 
ralled to meet the main purpose 

In the old sense a museum was r 
garded as a depository primarily, and 


secondly, as a place of research and edu 


eation. ropose to picture TO you the 


| 
museum ot 


1} institution, but one which makes 


S an edu 


science primarily ; 


eation: 


use of the principles, laws, processes and 

achievements set forth in their historical 
F 

should 


this picture is well pr 
be the 


the warp and woof of 


relation, and 1 
it 


} 
I 


sented, elear that mu- 


seum is, In a way, 
industry. 
This differs 


from our universities, colleges and high 


museum fundamentally 


schools in that it is freer and more demo 


and quite inadequate for pw 


poses of developing moral and mental 


eratie, 


qualities which come from regular class- 
room work with punishment and _ re- 
wards of certificates and diplomas for 
excellence. IL do not anticipate that the 
museum will give a course in ealeulus or 
that it will even teach the 
multiplication table. It 
therefore, that the museum can never be 
It 
can, at its best, only aid the other educa 
tional fill 


gaps in the development of the layman. 


geometry, or 


IS 


apparent, 
a substitute for a college education. 


institutions and educational 


It follows that the museum as an eduea- 
tional institution must necessarily have 
attract at- 


exhibits which as molasses 
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must 





all 
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master practic SVE 0 
oO! showmanship Sut ( 
Barnum. 

The permanent itio 
trial museum should b 
portation center, where 
the metropolis can reac t . 
tageously and also where the t] 
of daily travelers from outside 
may find it easy to utiliz ext 
or an extra day It is axlon 
any newsboy or any policeman s 
able to direct the stranger to the 
seum and that a minimum time s 
be required to reach it, without t] 
ot going astray You will quite 
that building an = industria IS 
worthy of the greatest Indust} 
is no small task 

The great purpose of our indu 
museum is to interpret our mee! 
age for all classes and protess 
Words. however wi I] expre ssed, eal 
vive a vivid understanding when 
hand experience furnishes a backgro 
This is a huge undertaking, but per! 


not as difficult or complex as that 


Museum, 


} 


which ] 


Props 


Rosenwald 


interpretation for the visit 


social 

addition to the technical expositio 
The man who has elimbed to 

of a high mountain and viewed thes 


capped peaks bevond is the only 


can know the ecstasy of the mow 
view. He who has lost a dear frie 
best in position to understand the 1 





a 


four hours eonsecul 


ing of such a loss to others whi 









worked twenty 
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ows best the meaning of work, a 
who has been truly hungry tot 
understands hunger p 

Stars on 


anges 


Ty riod 
] 


1 with the 


nan who has live 
onely prairie or in the astronomica 
vets much more understand 

4+] ) 


bs rvatory 
the Vi 


spa 


hooks W tho 


f o1 1 isTHess 
who reads any quantity 0 
observing the stars or any of the pl 
ical phenomena connected therewit] 


he book student has only seen the s 


| 


‘ 





at night and has observe 
laboratory 


th 


gases in 




























SELF-DEMONSTRATING MODEL OF THE 
GYRO COMPASS 

"HII ND 7 ED ESI 

for the common understanding of al 


pr ople 


Before im of the museum 


stating the a 


educational 


of seience as a basis of an 

Institution which serves industry af 
large, | would like to give the philo 
sophie background. You will reeall that 
our ancestors tor centuries upon centu 
ries were herdsmen who gazed at the 
stars by night and wondered Phis 


wonderment led to the development ol 


and mathematies was de 


astronomy, 


veloped early handmaid thereto 


as a 


Thus, astronomy and mathematies 


he 
havine to do with the ] 


It 4] 


IS Tile 


should the background of a museum 


hv slenl SClehnCces 


and industry. Wal the race 
began 
If we study carefully the ancestors of 


de 


basis 


man the seience of astronomy 


as 
veloped, We will vet our cue for the 


ot dec p interest in all lines of the seienes 


museum Regardless ot how busy men 


are, whether in manufacturing, mining. 


agriculture or business, they vet exhibit 


a latent interest in the unknown forces 
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VISITOR 
HAMBER 


THE 

( 
BY IS} 
MOTION 
BOMBAI 


DRAWS SMOKE 


IN 
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Mit 


INTO 


ROSCOP! 




















RADIO SENDING 


1 


the adult also wonders, when he s« 


r over the head o Tie vel 
estione) For example, a mm 
(; d Central Terminal sees the trar 
intie plane Bremen suspended abov 
Ni York’s first railroad train As 
gazes at this historic plane, many que 
ns naturally run through his m 








nals 


hanical marvel, how is it operate 


Ti SCICTICE MmuUseunh ahswers 


+ 


‘ extending The hounds ‘) | 
s open to the museum ot s 
! us | means of alluy ne 
] ' 
had as a means whereby hy S 
will be held and his edueat 
s not oniv the sma bor who ete 
( nands ‘why ?’’ and **how 


ms better than anv long technica 


+ lyi 
ation, which, in many cases, wou 


eu arly if he has the time to day 
am. He wonders how one small p 


er can earry such a huge object 


Stop flight across the Atlantic: 


rs how much air speed Isa Lidice 


the relationship between he 
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VISITOR OBSERVING THE AIR SPEED 


AND CORKESPONDING LIFT OF A MINIATURE AI 


PLANI IN WIND 


grown an industrial age the like of 
which the world has never before even 
dreamed You well know the auto 
mobile, the aeroplane, the telephone, the 
radio, the skyscraper and thousands of 
industries are made possible in every 
State to-day as a result of scientifie ré 
search Any industry, not excepting 
agriculture, that does not avail itself ot 
the benefactions conferred by science is 
in a bad way, and the conelusion is 
axiomatic that an industrial museum 
which is both attractive and edueational 
ean do its work best if it features we 
the elements of industry, which are the 
elements of science. 

If you wish to know what makes the 
skyseraper possible, vou will have to 
look farther than the architect, and 
study the laws of brick and steel and 
electricity. 

There is another basis of attraction 
which is also quite deep-seated. It is the 
more sordid one which coneerns the eco- 


nomies of our. di: 
museum Of sciences 

to be more inte 

ties, SO 1 

Zen or 

own needs, l CAaUSt 
flock to its doors fu vas m 
to the departme nt store ot 
show. One needs only go 
show or the aviation show 


there is considerable huma 


bla} 
l¢ 


( 
; 


) 


the things that eoncern ou 


In the museum of science 


ean learn much concernin: 
tion to personal well-being 
I observed recently that t] 
had more attracting powe) 


other exhibits in chemist 


visitor can learn the elemen 


+ 


ry 


ties that make an article ot 


torious. such as qua ities oO} 


ties involving cleaning, q 
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VISITOR OPERATING A MODEL 
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LDISON’S EARLY TINFOII 
PHONOGRAPHS 


such as tastness ol COlor, COLO! harmony, 
and the like, he will be able better to 
make his poeket-book meet his incom 


and to reduce the waste arising from the 


manutaeture of interior products Cah measure 


pine De 
If the manufacturer and the la ping powel 


learn the relative value ot ISTICS O} his heal 


ensile strength as applied 


‘ wave Torm ol mS Ve 


str neth ort 


hosiery or linen, the waste in manufac 


lung capacity He can measu 


ture can be very much reduced, and visual acuity to light of different 
more important than this, the waste in : _— measure 
distribution; for I am making the state a ri¢ shock, his reg 
ment without fear of contradiction, that ?"8 and his reac 


the greatest need of the manutacture) can measure 


. ys ‘ thy, ‘ 
to-day is to have a more educated public hand with a 


or at least a publie hat is more read L\ mometer, he 
edueated 

The manufacturer uses _ billboards, 
hand bills, and many objectionable 


methods of advertising, only because he 
must, and so on with all the things that 
people buy to meet their needs They 
buy what is placed before them; they do 
not know, and frequently the manufac 
turer himself does not know, what is best 
for the individual. The presentation ot 
museum exhibits which will show our 
public by the instruments of science and 
engineering what is best will attract con 
siderable interest 


Then there is a further basis of at 





traction in the science museum, and that WORKING MODEL OF THI 
is to employ the instruments of science \RD LATHI 

to determine personal characteristics of 

the individual Everybody likes to 





MUSEUM 


SEWING MACHINI 
Ml \\ 


perha have hee 
deseribed here 
the rel 
he only reason 
museum W hil 
there Is consider: 
relies as such, we nevert! 
t » the average na 
most interest when the 
in connection with ther 
old machine is most 
li the 
Sore 
ason 
served a usetu 
general, a working 
oned replica is more ust 
pose than the 


operate or be 


museum should have publi 


a great many old relies whiel 


ld serve as centerpieces tw. exhibits 


mewhat as floral decorations are ust 





O48 THE SCLENTIFIC MONTHLY 


posed to have the same int 
fundamentals of machines as the box ol 
seventeen If, therefore, the museum 
takes the box ol seventeen as 1tS norm, 
it will not go far wrong We should 
educate our general publie not alone be 
eause ot the general picasure in obtain 
Ing intormation in an attractive manner, 
but also for the general good The 
banker should know the better and safer 
uses for the investment of money, the 
manufacturer should learn of develop 
ments in lines akin to his own, in order 
to improve his own product or the 
method of its making: the preacher 
should have an understanding of the 


mechanisms of his age, in order that he 


may know better the commonality of his 


audience Qur civilization is growing 
faster than any mushroom, and if we are 
to have a general culture, that culture 
should consist in its elements of permit 
ting our general public to see the poetrs 
in our modern machines, and that poetry 
emerges when they see how the velocity 
of light is measured, how color harmony 
IS produced, how electricity travels. how 


atoms break up and all those mysterious 


; 


forees that underlie our age of machines 


and that furn a POSSID 


i } 


unity in our mechanistic 
Since the industrial m 
an authoritative clearing 
information, useful to a 
it would seem to follow 
it will be in a deeres 
tion in its field just 
C: Museum < Natura 
done researe] work in 
ever, this will depend 
enthusiasm of the expr 
ent departments Alrea 
of Peaeeful Arts has 
information that have 
to investigate inl 


ence WIil doubt CSS Drove 


Shew aha majo! 


haustive use ot 

the demands fo 
generally be most eco 
by relerenes 

other existing 
research 


? + 
the i) hie l 


youne me 


, 
naustl 





FITTING THE COLLEGE TO YOUR BOY 
AND GIRL 


By Dr. ALBERT EDWARD WIGGAM 


| 
i 


eoupled tovet} 


ner 
I 


. vou would have a 


the average American 


engine is the ecolleve pro 


I 
ng, tugging and puftine 


trving to pull all this conglom 


assortment of vehicles along at 
ne speed And there are three 
‘t tragedies which result The 


professor IS succeeding : the 


he is proud of it, and the thi 


ad of traveling at the aeroplane 


professor fondly imagines, 


whole educational train is going at 


ttle better than the ox-cart speed 


To apply the foregoing picture: in 


inv colleges from top to bottom, and 
some extent in all colleges, the fast 
and girl, 


the average boy and gir! 
nd the slow boy and girl, the 
nded, the 


Ste. 


motor 
abstract-minded, the 


ar 
philosophical and 


mechanical 


mded bows and girls, are all given very 


ich the same edueational dose 


This th pe of professor proceeds on the 
ory that the boy and girl must be 
de to fit the college, whereas the new 
cational science says that the colleg 
st be made to fit the boy and gir! 
e students by 


the old theory are in 
main treated as though they were 


born equal, notwithstanding that all 
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The upsl ot 

such thing as a national syste 

lecting and encouraging the voung peo 
‘country who could and should 


; 


built on what scientist 


s eall 
none prineiple.’’ It says to your 


1 


cvirl, ‘‘ Four vears or nothing. T% 


whole educational! dose. complete 


; 


course, Whether it fits vou or not, « 

vo home in disgrace.’’ Partly as a re 

sult of this, In many colleges, one halt 

of all the boys and girls who start do go invthing, Doet 


| + 


home in disgrace. Not much over half anesthetic 
the freshmen ever get through to gradu 
ation 

The fifth fact represents th 
which lies ahead in American higher 
education It is right here and now, and 


the college of to-morrow must meet and ‘*higher”’ 
solve it. That task is educating each  tirely original 
individual according to his own endow largelv the r 
ments and needs, and at the same time friendly aequaintan 
keeping up mass production. We must — E, Seashor 
face the fact that the colleges are going 

he from two to five times as big as 
thev are now, vet they must at the same 
time devise svstems of instruction and 
college and university plants which shall 
save, refine and make effective each boy 
and girl’s personal fineness, uniqueness 
and peculiarity, a system which shall 
make each student happy, suecessful 
and good at his own private personal 
level of capacity and desires 

future every college that fails 

to do this will be what many colleges are — colleges 


now, mere factories for grinding out a prolonged 


standardized human product that is all going minutely n 


} } 


too frequently a misfit in modern life 
In fact, the colleges are to-day grind 

ing out so many misfits; they are strug important 

gling vainly to give an academic edu- education 

cation to sO many students who have Kver\ parent 

no business to be there and putting so pist and taxpayer 

many others through courses that actu- and girl who is cont 

ally unfit instead of fit their abilities and adventure of going 


temperaments that whenever I see the the report of this st 





find 


(1s 








352 THE SCLENTIFIC 


= t t t \ t 
++ 
‘ 
Q ty. J t t 
at t \ + 
t 2 t t. 1 
‘ 
| + 
‘ ‘ 
‘ This js : . : 
e 4 ‘ ‘ 9 
ge s ts eq HH s 
k + ; at + 
9 s diff to t t tw t 
< vs ius S oo o at 
s tura \s S t t 
~ af ts< 
* ke 
As ft + t rg ne t S 
? if , ~ r \ if Sc 7 to ft 
perat tional to treat 
at ‘ ts a Fe } + ¢ it + os t ‘ 
it i i i sults s t 
concerned. 
It is obvious from the foregoing ré 
marks that this whole new educational 


program has two great objectives: 


individual attention to each student in 


order to develop his highest effective 
ness, and second, keeping up, indeed 
increasing, mass production. 
Dean 


radical 


constantly 


To achieve these aims 
that 


necessary, 


believes some reforms are 

In order to visualize these reforms, let 
us first ask ourselves how Johnny and 
Mary 
happens to them the day they get there. 
There the 


vears going to 


ever arrive at college, and what 


talk in home for 


their 


has been 


about college. 


Neighbor Jones sent his children. and 
what is good for Jones's children must 
be good for Brown's. There are very 


often other considerations involved, but 
most students arrive at college through 


social custom, parental ambition, a pros- 


first, 


Seashore 


MONTHLY 


perous count ecldent ; 
Oo! (iod \ ey Corns } Mm oe 
Ol learning 


Now let LIS OLLOW 10 


through the first week of collea 


plunges 1h} Venera poe Irie 
trations, ent? ce eX j 1 ‘ 
like, resembling an edueat 

the mob at 1 home-col Y oO 
proportion to the size o 
trom BOO to 3.000 freshme 
there 1s he vO ! 
raternities ‘ ti \ 
what courses, wl S le . 
social groups stuck 

fied Ww these ( v 
chanee kv nine S 


From is exhausting process 


] ] ; lay 

home marked Ss 1iures \s 
proceeds, Tron » to dO Del ent 
! 

} , 
remainder are sent hom During 
sophomor vear another group is 
nated: searet more | } 


oraduate. 
back 


ened. 


home discouraged and_ dis] 


waste in money, enere’ opes 
+3 
bitions 


Now. ror all this mel 


mell.’’ said Dean Seashore t 
program provides simple, inex 
and, we believe. complete remedies 
‘*The first remedy is one that we 
already demonstrated here in low 
work successfully Instead 
vast numbers of students gradu: 
high schools in June and probably w 
most of the summer, and then go 1 
lege and find out they can’t do t! 
and be foreed to go home. we sha 
the college students at their homes 


national college qualifying exami) 
We have tried this in Iowa r 
to know it will work 

‘“Our program is to administer 
college qualifying examinatiot 


same day throughout the entire | 


States, to high-school senio1 


every 


preparatory-school graduate whi 


























‘ + 
as 0 


desire to test himself or herseli 
capacity and fitness to do college work 
This an 


d it will not only prevent the major 


enormous step in advance 


IS 
9) 
ail 


ity of poor students ever leaving home, 


i 


but will discover a great many young 
men and women who have not suspected 
that they had college ability. A small 
fee will be charged and since the stu- 
it tor 
there is no incentive to cheat. 


dent takes his own intormation, 


boys and girls can thus 


‘You see, 
find out whether they can do colleg 
work before they have even declared 
themselves to friends and neighbors 


If they fail once they can study up and 
try it next year again. Thus the 
and girl who now go off with high hopes 


boy 
of parents and teachers, and perhaps 
with their names and pictures in the 
local paper, and who are later forced to 
return home, will be saved this absurd, 
and exper 
warn 


unnecessary discouraging 
nee. We them time. 
‘‘This nation-wide drag-net will also 


be a great eye-opener to the public on 


in 


the notion that any one can go to college 


who wants to or whose parents think 
that he should go. They will wake up 
to the fact that it makes a difference 
It will enormously advertise what is 


perhaps the most important discovery 
of modern psychology, namely, the wid 
differences among people, and empha 
the fact that 
these differences can not be readily or 


size equally important 
entirely overcome by some magic system 
of education. 

‘‘Now, this college qualifying exami 
nation does not tell us whether the boy 
that passes will do best as an engineer, 
mechanic, doctor 
The next two big steps in our 


linguist, scientist. 
what. 


program are freshman week and the 
placement examinations. 
‘I first heard of freshman week at 


the University of Maine, and at once 
adopted it as part of my program. It 
applies readily to every college that has 
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the « ege president 
boy and il Ww! h i l { 
and took a persona 
the newcomers under wa 
Che ist three d 


week 


are 


devoted TO t he 


in making the college ove 


' 
aent This step is 


, , 
phrase, placement ¢ 
are given quietly to tl 


by themselves while th 


coming back and gett 
‘The place ment exam 

of two distinct parts 

the regular examinatio 


} } 
Know iceare 


student s 


The 


secona 


new, and is one ol 
outcomes of experime 
It consists of a larg 
sloned to measure ¢ 
aptitude for each subj 
advance over the tests 


] 
ligence, 


iearn 
ability, his foreign lar 


chemistry ability, and 


have thirteen subj cts 


halt Ss son 
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tests have been developed and we are 
constantly improving them and adding 
more. 

‘‘The outstanding discovery from 
these tests has been the astonishing 
amount by which individuals differ in 
their capacities, and how permanent 
these differences are. Your natural 
capacity to learn English or mathemat- 
ics or mechanics remains relatively un- 
changed throughout life. For example, 
we find in the sense of pitch in music, 
one person may have one hundred times 
as great capacity as another, and no 
amount of training greatly alters this 
difference between these two persons. 
Training enables each person to use bet- 
ter what he has but it does not greatly 


increase his original capacity. This we 
believe is true of all our original 
capacities. 


‘Of course, we must distinguish care- 
fully between what a student can do 
and what he does do. These aptitude 
tests measure with encouraging success 
what he can do. As it is now, where the 
gifted student and the poor student are 
placed in the same class, the poor stu- 
dent grows disheartened and the gifted 
student becomes uninterested, and thus 
neither measures up to his real capacity. 

‘*The next step goes to the heart of 
this very situation—probably the most 
important problem in all education. We 
eall this step ‘sectioning on the basis of 
ability.” It is already extensively in 
force in many grade and high schools. 
Our plan is to bring it over with the 
highest refinements of experimental psy- 
chology and apply it to the different 
kinds of college students. We propose 
to place the students, and we do place 
them here, in different classes according 
to their several abilities as indicated by 
our aptitude tests. 

‘‘In order to see how this works, let 
us recall what has happened to Johnny 
and Mary by Saturday night of fresh- 
man week. Instead of the old exhaus- 
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tion and bewilderment, they are by that 
time all congenially located with refe; 
ence to dormitories and fraternities 
they have met all their instructors a) 
many of the older students, and th; 
have a pretty good idea of what livi: 
and learning in college really means. 

**But, in addition, our placement ex 
aminations with their aptitude 
have put in our hands an entirely new 
educational instrument of the 
value to each student and to his instru 
tors. This instrument 
fact that we not only know each stu 
dent’s training, his home and sc} 
record, much about his general! traits 
character and industry, but we als 
know his aptitude in each of eight 
ten subjects in which he has taken tests 
I might remark here in passing, that D: 
Frank Shuttleworth, here at the univer 
sity, has devised a method for securing 
a student’s home and school record, his 
character traits, home surroundings an 
the like, which we believe is going 
prove of great value in predicting what 
a student will do with his aptitudes ar 
abilities—how hard he is probably going 
to work; and we believe that they als 
predict with considerable success th 
general trends of character that he w 
manifest both in college and in late: 
life. 

‘*You see, therefore, that on Saturday 
night of freshman week, while both th 
upper-classmen and the newcomers ma} 
be holding the grand democratic socia! 
event of the season in which they maj 
all meet and clasp hands in good fellow- 
ship, there will be on record a compara 
tively exact and helpful mental profil 
of each and every student. This profil: 
furnishes every instructor with a fair); 
accurate, concrete picture of each stu 
dent’s natural level. 

‘On this basis, we have found it eco 
nomical to divide the students into at 
least three levels—high, average and 
low. This furnishes a fair starting 


tests 


highest 


consists in 
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place for everybody. Of course, the 
students are informed that these levels 
are not absolutely fixed, and that stu- 
dents will be permitted to pass up and 
down as their further achievements war- 


rant. 

‘‘Thus, on Monday morning following 
freshman week, instead of the old ex- 
haustion, misfit and uncertainty, each 
instructor is in a position to carry out 
our motto of keeping each student busy 
at his highest natural level of successful 
achievement, because, for the first time, 
in most colleges, he will know fairly well 
what each student’s natural level of 
successful achievement is. As a further 
result, the students, as they greet one 
another on the campus, say to each 
other, as we know from our experience 
here they do say, ‘I made the ox-cart,’ 
‘{ made the covered wagon,’ ‘I made the 
day coach,’ ‘I made the transcontinental 
express’ or ‘I made the aeroplane 
division.’ ’’ 

At this point I said to Dean Seashore, 
‘‘Will not all this give the student who 
lands in the ox-cart a sense of inferiority 
and failure?’’ 

**No,’’ replied Dean Seashore firmly. 
‘‘Our experience has been quite the con- 
trary. It affects a poor student just 
about the way it affects a financially 
poor man when he finds out he has no 
money to invest. He simply doesn’t 
have it and adjusts himself to the fact. 
Is there any reason why he should not 
do this? It prevents his trying the im- 
possible. It warns him in time. More- 
over, the student is told that this is 
merely a preliminary sorting out, and 
he is welcome in the aeroplane division 
as soon as he demonstrates that he can 
do the work. 

“As a matter of fact, the most grati- 
fying result of sectioning on the basis 
of ability is that the poor student is not 
humiliated by being compared with the 
brilliant student. We find that when 
students are with their equals all up 


THE COLLEGE 


and down the line, their inequalities, 
inferiorities and superiorities are for 
gotten. The good student is put on his 
mettle to compete with his equals and 
the poor student is working happily 
with his equals. I absolutely condemn 
mixing students of high and low ability 
in the same class. That is one strong 
reason why the better students have 
organized in most colleges to keep from 
doing their best. In many colleges a 
brilliant student positively has to conceal 
his brilliancy. If he does not he is 
against the gentleman’s union and is 
regarded either as ‘showing off,’ or as a 
‘scab.’ But with this system, a student 
must play the game and do his best or 
else be looked down upon as inferior 
by his own equals. And no healthy boy 
or girl can stand that. At least, it is a 
powerful incentive. 

** Moreover, the fellow who is often 
benefited the most is the bright loafer 
who lands unexpectedly in the ox-cart, 
and the jolt wakes him up. Let me 
give you an example: A boy came her: 
from a military school where he had 
failed three years in the same course in 
English. He gave as his alibi that he 
eouldn’t learn English. 

‘Tl said, ‘We'll just find out about 
that.’ So I gave him the aptitude test 
for English ability, and he made a rank 
of 84 on a scale of 100, on which the 
average was 50. But when we tested, 
not his ability to learn English, but what 
he had learned of English, he ranked 31 
on a scale of 100. So we looked him 
Square in the eye, and said, ‘You have 
been loafing for three years; now you 
have no alibi.’ The boy accepted the 
challenge and got an ‘A’ on his first 
paper in English. His mother had en 
couraged him to believe he had no 
English ability, and this feeling was 
going over into other subjects where he 
was failing. We doubtless saved that 


boy from a lifelong sense of inferiority 
1 


0 


‘Here is another story that goes 
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the heart of some of the biggest problems 
in American education. I think it illus- 
trates a new doctrine in our national life. 
We tested a boy and found him to rank 
in the highest 10 per cent. for ability, 
but his grades showed that he had loafed 
all through high school. He soon made 
it evident that he expected to loaf 
through college. One day he passed an 
examination in psychology and the in- 
structor gave him a ‘C,’ but I marked 
him ‘Failed.’ His instructor came to me 
all wrought up, and said it wasn’t fair. 
I said it was fair to mark him ‘Failed,’ 
had failed to do his best. 
That was a new doctrine. Shall we hold 
all students to the standard, or 
shall we judge the two-, three- and five- 
his own level? 


beeause he 
Same 


talent students each on 
Shall we judge a man by his inferiors 
or by his peers? Nowadays, if a five- 
talent student gets a passing grade we 
pass him, and a two-talent student the 
same. We thus judge all on about the 
two-talent average level, a level at which 
the one-talent boy flunks and the five- 
talent boy loafs. 

‘*To prove this, I told this instructor 
that any bright boy could get a‘C’ ina 
generalized subject such as psychology 
or literature. He said, ‘Oh, bosh.’ I 
replied, ‘Let’s try it.’ I got a bright 
boy in engineering and asked him if he 


had ever studied psychology. He re- 
plied he had not. I then gave him the 
same examination on which the other 


student in psychology had gotten a ‘C,’ 
and this engineering boy got just as 
good a ‘C’ as did the one whom I marked 
‘Failed.’ A bright student ean get a 
passing grade in a number of generalized 
subjects by merely guessing and draw- 
ing on his general information. 

‘*You see, as long as we do not divide 
the students on the basis of their ability, 
our present standards for passing are set 
below the level of mediocrity, so that in 
a subject where general information 
above the mediocrity 


counts, a student 
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without 


this abs 


level can ever 
studied at all! 


cedure there is no use of his eo) 


pass 


Under 





college. 

‘* Now the last step, and the ca 
of our whole program is the organ 
of the junior college—a movement 
is rapidly sweeping the country 
think that the colle; 
says to the boys and girls of this 
try! It 
years or else you are a colleg 
But the new college will say: ‘T 


what it is 


is this: ‘Take our whol 


first two years and try yourself « 
by that time you find the last two 
are not suited to 
plans, finances, health and abilit 


your needs 
will graduate you with a colleg 
which will 
emblem of 
degree of J.C.G. 


always be an _ hor 
successful achievement 


—Junior College G 


uate.’ 
‘‘Some edueators have said 
degree of J.C.G. would not | 


honor emblem. But my reply is 
at the graduate of the vocationa 
school to-day. The 
and celebrate, they have a big com: 


parents com 


ment, and all are proud of the b 
girl. Now, if 
graduate on to two years of colleg 


we simply carry 


give him or her another diplon 
parents will be prouder still.’ ’’ 
Here I interrupted Dean 
with this question, ‘‘ But, my dear D 
ean not the colleges do away with t 
first two years, and turn the juni 
lege over to the present high scho 
means,’’ replied th 
‘The high schools ¢ 
become colleges. The life, progral 
methods of the high school and th: 
college are as different as night ar 
In fact, the general high-school at 
phere throughout the United 5 
to-day is of a comparatively low or 
as concerns first, their educational! st 
ards ; second, their methods of study, 
third, their social life. What I pro; 


‘*By no 
vigorously. 



































n these junior colleges is to take the 
that 


pace, 


students out of atmos- 


them a 


{ mbitious 


nhere and set new amid 
new and more stimulating associations 

‘‘As an example, here are three boys, 
ambitious for a college edueation. One 
1s the making of a voucher clerk, one 
»n auto mechanic, and the third, a scien 
tist. They first pass the college qualify- 
ng examinations at home, and demon- 
that they 


All three then start in the junior college. 


are college material. 


strate 
All are given the same course in English, 
and each will get a course in biology 


and also one in mathematies during the 


The auto mechanic also gets 
the 
machines and special work on automobile 


first year 


one course In technical aspects of 


ngines. The bookkeeper gets his special 
work in acecounting—something I would 
vive all eollege students, as I consider 
ecounting far more cultural, as well as 
useful, than the classics. The scientist 
gets extra work in the foundation courses 
The 


much the same, with more stress laid on 


of science, second year goes on 
the particular work which each student 
will follow in the future. 

‘“At the end of the the 


bookkeeper and auto mechanic go home 


two years, 
with genuine college diplomas, a genuine 
liberal culture of recognized standing, 
instead of being marked as ‘eliminants’ 
The beauty of it is that 
the two J.C.G. men have gone 

with a liberal edueation. They 
carry through life the benefits of 
years of college atmosphere, of training 
under the finest pedagogy and with the 
highest their 


and ‘failures.’ 
home 
will 
two 


expert organization of 
courses of study. 

‘“You should also grasp clearly that 
instead of having the cafeteria system 
of allowing the student to select for him 
self out of a vast number of electives, as 
most college freshmen do now, the new 
junior college will provide a suitable 
number of elective courses or curricula. 
From these we will assist each freshman 
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with our placement examinations a1 


by every other means in deciding tl 
curriculum which will best fit s al 
ties, temperament, econon nd sp 
tual needs 

‘These different irses W } 
n ins ments ( mmon t | S S 
dvisab and t! vw i] pro | inst 
etting tl onorant student ae VS 
IS dol now w! her he >) to] 
physies ( mist ! » } 
take chem stry hrst ind ml © ftey 
ward. or vice or wl » he all 


shall decide those fundamet thir 
for him And whil 1 1.C.G ! ! 
will go hor is college grad s at the 
end of two \y rs. t} S S nad th 
academically and pre re 
boy will be encouraged | ro ol 
higher fields of educational achievement 
and responsibility. For we must never 


forget that ability to achieve and re spor 


sibility for achieving together 


‘I have given you an all too bi 
résumé of the program for the coll 
of to-morrow I wish I eould tel you 
about what we term our ‘ project method’ 
of study. By this method, one professor 
is able to handle a hundred students or 
more. Yet he is able to give to each far 
more individual stimulus a1 tru 
tion than Is given by the present rec 
tion system I thir that this also 
largely meets the common assumption 


that a boy rets so much mor ndividua 


attention and personal contact in 
small college In my judgmer t 
university with thousands of students 
ean be so organized as to give far n 
attention to each student’s individ 
needs than was ever possible in the sma! 
college. I think also that the small col 
leges can be more effective L\ rgar ed 
to meet the individual 1 Ss ch 
student than they are né n many 
studies the recitation system will soon 
be obsolete We have better nd ! re 
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individualized methods already in opera- 
tion. But I trust I have shown you 
that the college of to-morrow must, and 
orientate and serve the 


can, discover, 


individual boys and girls far more effec- 
tively than it is doing now, or ever has 


done. 

‘‘One thing, at least, is certain, that 
we shall never have a true science of 
education until each individual in the 
entire mass is brought to his highest 


possible development. This may seem a 
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counsel of perfection, but nevert} 
it is the goal of applied psychology 
experimental education. For, afte: 
the the 
living and the science of educatior 
the same end in view; and I k 
no better way to express that 

objective than in the maxim of ou: 
student project, ‘Keep each ind 
busy at his highest natural | 


ievel 
order th 


science of society, scier 


eessful achievement, in 


may be happy, useful and good.’ ’’ 


} 





























THE BIRTHPLACE OF MAN 


By Dr. GEORGE S. DUNCAN 


THE AMERICAN 


I. MESOPOTAMIA 

Every one, naturally, has a desire to 
know the birthplace of man. The 
earliest known writer having this inter- 
est was the author of Genesis 2: 8-14. 
Here an enclosed park or orchard with 
kinds of beautiful fruit 
Such parks were common in 


many trees is 
described. 
Babylonia and Assyria where the own- 
ers, their families and friends would find 
great enjoyment the 
these lands, is at times very hot. The 
Biblical writer, living in Palestine about 
850 B. C., locates the park in a territory 
called Eden situated in the east. The 
Hebrew word Eden means pleasure, de- 
light, loveliness and charm. 
ever, derive Eden from the Assyrian 
word, edinu, meaning plain steppe and 
prairie. A large river flows from this 
territory into the park. As it emerges, 
it branches into four rivers. One of 
these is called Pishon, encircling the land 
of Havilah. Another is named Gihon, 
compassing the land of Cush. The third 
river is the Hiddekel, or Tigris, flowing 
in front of Assyria. The fourth is the 
Euphrates. 

In this brief piece of ancient geogra- 
phy the two rivers, Hiddekel or Tigris 
and Euphrates, are well known. Assyria 
is very probably the great empire north- 
east of Babylonia with its capital at 
Nineveh. Havilah and Cush are doubt- 
ful localities, but the former has usually 
been regarded as Northern Arabia, and 
the latter as Ethiopia. The two rivers 
Pishon and Gihon are unknown. No 


since climate, in 


Some, how- 


large river is known which is the com- 
mon source of the Tigris, Euphrates and 
the two other rivers, Pishon and Gihon. 
Indeed the Tigris and Euphrates do not 
spring from a common source. 


Their 
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nearest sources n the | l is I l! 
tains, are at least fifty miles apa! Phi 
territory, Eden, is also w v1 his 
ind ite information about tl catior 
of the birthplace of man s set scholars 
to s culating W I ‘ ( ©) 
turies. Much tir genuity and leat 

ing have been spent in t search for t 

exact los m ot the ] n Ede b 
actual count over ¢ ] ties \ 
been given as the s of t first hon 
mankind. These range all the way from 
the North Pole to Austral] Only A 
of them need be mentioned here since 


good many are merely wild guesses rest 
ing on no secure scholarly foundat 


Josephus, . =o. 
church fathers considered 


37-100, and many 
ocean 


circling the earth the source of the four 


rivers. The Pishon was supposed to be 
the Ganges and the Gihon the Nile 
Havilah was India. Eden would then be 
somewhere in northeastern India. Calu 
met, A. D. 1672-1757, Rosenmuller, 
1768-1835, Keil, 1807-1888, and some 


other scholars believed the source river 


was a region of springs. The Pishon and 


Gihon were mountain streams. The 
former may have been the Phasis or 
Araxes, and the latter the Oxus Eden 


Calvin, 1509 
and Bochart, 


in lower Baby 


was located in Armenia. 
1564, Huet, 1630-1721, 
1599-1667, locate Eden 
lonia. The Pishon and Gihon were re 


garded as channels by which the l 


united 
rivers, Euphrat« sand Tigris, entered the 
Persian Gulf. Luther, 1483-1546, be 
lieved that the great flood so altered the 
course of the rivers as to make it Impos 
Eden. Several 

Philo, 


Eden to 


sible to locate the park in 
scholars have resorted to all gory. 
20 B. O. A. D 40, considered 


be the soul delighting in virtue, while 
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the four rivers were four specific virtues: 
prudence, temperance, courage and jus- 


tice. Origen, A. D. 182-251, believed 
that Eden was heaven and the rivers 
wisdom. 

In modern times several eminent 


scholars have attacked the 
Friedrich Delitzsch, 1850-1922, 
that Eden was the Babylonian plain, and 
that the park was near Babylon. Pishon 
and Gihon were canals or ancient river- 
beds on the west and east sides of the 
Euphrates. The Pishon would be the 
Pallaecopas, and the Gihon the Shatt en- 
Nil. Havilah part of the desert 
west of the Euphrates. Cush was a name 
for Babylonia derived from the Kasshites 
who ruled there as the third dynasty, 
1757-1181 B. C. Paul Haupt, 1858- 
1926, believed that we must not start 
with the conceptions of modern geogra- 
phy, but with the quite different ideas 
of geography which the Biblical writer 
Haupt thinks that the 
narrative in should be inter- 
preted somewhat as follows. In northern 
Mesopotamia there was a large body of 
water suggested by a dim knowledge of 
the Black Sea. Here was the park in 
Eden and the sources of the four rivers. 
The Euphrates and Tigris flowed south- 
ward and ended in marshes. The Pishon, 
suggested by the Kerkha, starting more 
to the east, flowed into the Persian Gulf, 
supposed to be a river. It then turned 
westward encircling Havilah, Arabia, 
and finally ended in the Red Sea. The 
Gihon, suggested by the Karun, starting 
still further east, flowed at first south- 
ward and then westward. It encircled 
Cush, Ethiopia, and finally ended in the 
Nile. 

These differing views show how diffi- 
cult it is, from the Biblical data, to get 
an accurate idea of the location of Eden. 
The Biblical writer probably had in mind 
some locality in or near Babylonia, in a 
region watered by a great river, the sup- 
posed source of four rivers, Euphrates, 


problem 
believed 


was 


had in mind. 


Genesis 
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Tigris, Pishon and Gihon. It was 1 
ral for him to locate the birthplac 
man here. Tradition placed the dis; 
sion of mankind in Babylonia wher 
Babel erected, Gen 
ll: Here was the seat of 
ancient civilization. Abraham, th 
eestor of the Hebrews, migrated fror 
in Babylonia, Genesis 11: 31. Pri 
day Old Testament scholars would pr 
bly agree in saying that the Bibl 






tower of was 


S—9. 


writer had only vague and indefi: 
ideas of geography east of Palestine 
was a spiritual specialist and not 
graphical expert. His geography 
not be with our mo 
exact knowledge of lands and river 
the Near This is not at al 
prising, for even Alexander the G1 
306-323 B. C., 
the sources of the Nile in the Indus 


+} 


harmonized 
East. 


supposed that he 





cause he saw crocodiles and beans 
Pausanias, in the second century A. I) 
relates the tradition that ‘‘the same N 
is the river Euphrates which was | 
in a lake and re-emerged as the N . 
the remote part of Ethiopia.’’ L. E. P 
Erith correctly sums up the whole n 
thus: 

Speculation as to the site of Eden is 
liscussion in the st 
commentaries of the many localities sugg: 
All that can be said is that the 
tains reminiscences of the country betwee 
Euphrates and Tigris, and any fertile s 
Mesopotamia may have furnished the b: 
the story of the garden. 


as may be seen by the 


narrative 


In recent years important archeolog 


eal work has been done in Babylonia 
such ancient sites as Nippur, Baby! 
Ur and Kish. No human remains 
artifacts much older than 4000 B. ( 
have thus far been found. Probabl; 
scholar any longer believes that the birt 
place of man was in Mesopotamia 


II. AFRICA 
Some regard Africa as the origin 


mankind. As early as 157] 
Darwin, in his ‘‘ Descent 


home of 
Charles 
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more 


somewhat 


Man,’’ wrote: ‘‘It is 

‘ probable that our early progenitors lived 
: African continent than 
More recently, G. Elliot Smith 
the 


+ 


in the else. 


where. se 


in his ‘‘Essays on Evolution of 


1924, favors this continent. He 

I call attention to these considerations to sug 
vest that the evidence now at our disposal af 
fords some slight justification for the specula 
t that Africa may have been the area of 
racterization, or, to use a more homely 
the cradle both of the anthropoid apes 
and of the human family. In any case it is 


probable that Africa played ar 


the early history of man and his ancestors. 


important part 


Two discoveries made a few years ago 
In 1921 in 


found. 


have also revived this view. 
Rhodesia, the Rhodes man 
He is more primitive than the Neander- 
thal man. In 1924 at Taungs, Bechuana- 
and, fifty feet below the surface an ape 
Professor Raymond 


was 


discovered. 
Dart, of Johannesburg University, places 


' , 


i i in 


was 


an intermediate position between 


man and no-man. The two species of 


anthropoid apes nearest to man, the 
gorilla and chimpanzee, are found: in 
Africa. The earliest known remains of 
anthropoid apes have been unearthed in 
the Fayum in western Egypt. 
A. N. Pond and G. L. Collie, 
explorers in the Sahara Desert, 
Africa as the birthplace of man. 
does Dr. Cadle, who has been exploring 
the Kalahari desert in South Africa 
where he found pygmies in Stone Age 
culture who chattered like baboons and 
who could count only up to three. The 
Oriental Institute of Chicago University, 
under the direction of J. H. Breasted, is 
engaged in studying the Egyptian Stone 
Age culture on the Nile. Ancient flints 
show that the valley was occupied by 
; man about 15000 B. C. Here probably 
By 4000 B. C. the 
art of communicating by picture writing 
; became well developed. Arts flourished 
and an organized centralized government 
appeared in the Nile valley. 


recent 
favor 


So also 


civilization began. 
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Europ s been regal by some 
the ¢ e of mankind. 1 pinion 
been hi 1 two main reasons. V¢* 
many skeletal remains of prehistoric n 


Europ The He 


round 1m 


delbereg iltdown, Neandert nad | 
Magnon remains were ered o1 
this continent Ther y mal 
rt cts have been unearth Kuro] 
These consist of weapons, t s, 1 
ments, utensils, pottery, paintings and 
sculpture. Among the scholars who re 
card Europe as the birthplace of man 
s A. Hrdli¢ka, who says rhe dl] 
the uman race was west nd sou 
western Europe 
IV. A 

In recent years numbers of scholars 
have come to believ nt! \ 
has the best claim to be the earliest home 
of mankind. There are ten main reasons 
for this view 1) The oldest humat 
remains, the Java man, were found 
the island of Java which was once a part 
ot the mainland of Asia zZ In 1921 i 
a cave southwest of Peking a premo 
and molar tooth were found These vo 
back to the early Quaternary ag 
Artifacts, the handiwork \ pre tol 


later than 25000 B 


found in Mongolia by Roy Chap 
Andrews $) Sand-drifted ru 
ot a very 


Mongolia 


are supposed to represt nta ve ry incient 


man of not 
been 
man 
oreat age 


These, while not yet explored 


civilization. 5) Two species of anthro 
poids have been discovers 1 I As 
These are the orangs 
Remains of Primates, the highest ordet 
of mammals, either an 
related to the 


been unearthed on 


living anthropoids have 
this continent 
Most of our domestic animals and cereals 
from Asia 8) Mongolia is 


the oldest dry 


nave come 
land on the olobs It h is 


W hile 


been dry twenty million of years, 
sub 


Asia, 


other parts of the earth have been 


The oreat SIZ ot 


merged. g 
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with varying life conditions, would be 
favorable for the development of primi- 
tive man. (10) Asia is located centrally 
to other lands. Migrations going north, 
south, east and west could easily start 
from here. 

Among the scholars locating the birth- 
place of man in Asia the following may 
be mentioned. S. W. Williston, says: 
‘*Man was born and attained elemental 
civilization in Asia because there was the 
place of all others upon the earth where 
evolution, in general, of organic life 
reached its highest development in late 
Cenozoic times.’’ H. F. Osborn writes :? 
‘*The unknown ancestors of man proba- 
bly originated among the forests and 
food plains of southern Asia and early 
began to migrate westward into northern 
Africa and western Europe.”’ J. M. 
Tyler* remarks: ‘‘But the climatic con- 

1 Pop. Science Monthly, 1910. 

2‘*Men of Old Stone Age,’’ 1918. 

8‘*New Stone Age in Northern Europe, 
1921. 
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ditions of that time lead us to seek 
original cradle somewhat further nort 
ward than India or even Beluchist 
and nearer to, if not in the great st 
zone of central Asia.’’ E. G. Conk!) 
says :* ‘‘ From his earliest home, probal 
in the table-lands of Central Asia, su 
cessive waves of human migration } 
flowed forth in all directions.’’ R 
Lull observes :° ‘‘That Asia is the |} 
place of mankind is seemingly 
lished.’’ J. A. Thomson writes:® ‘‘7 
possibility is that the cradle 
human race was in Asia.’’ W.H. W 
rell says :* ‘‘On the whole it appears n 
likely that man first appeared som 

in Asia.’’ It is expected that th 
plorations of Roy Chapman Andrews 
Mongolia will confirm the Asiatic orig 
of man. 





4‘*Direction of Human Evolution,’’ 1921 
5** Evolution of Man,’’ 1922. 
6 ‘‘QOutlines of Science,’’ 1922. 


7 ‘*Races in Ancient Near East,’’ 1927 
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THE PEACEFUL PENETRATION OF ATOMISM 


By Dr. EDGAR J. WITZEMANN 


UNIVERSITY 


As the mass of facts and opinions 
available in the field of science grows at 
its present enormous rate, it becomes in- 
creasingly difficult to exercise that subtl 
discrimination by which we are often 
kept in the right path of progress. It 
becomes increasingly difficult avoid 
blind alleys. This is realized by our 
more mature and successful colleagues, 
and tempts them to map out the path 
which must be pursued in the future 
Much of this is of the value, 
while on the other hand some of it comes 
from fatigued courage 
and insight are at a low ebb. In many 
instances the necessity of taking the sug- 
in 


to 


greatest 


workers whose 


gestion cum grano salis is obvious; 
others it is not. Moreover, the map sup- 
plied is sometimes accompanied by a 
commentary, stating that certain courses 
must under no circumstances be entered 
upon because these lead to chaos. In 
other words, the straight and narrow 
path is pointed out with the warning 
that the other ‘‘goes to the devil.’’ In 
this way the research worker is led to 
fear heresy and his colleagues to punish 
him as a heretic if he insists upon pur- 


suing his ‘‘evil’’ ways. Now ‘‘going to 
the devil’’ in the eyes of friends and 
colleagues has always been one of the 
unique privileges of a creative mind, and 
it would be unkind to minimize the 


hazards in this respect. However, there 
are certain heresies of this sort that 
ought to be discussed from time to time, 
because the fact that they are merely 
heresies and not errors is not altogether 
obvious. 

Recently the writer has heard and 
read a number of warnings against 
atomism in biological thought. This is 
alleged to be a line of approach to the 
problems of life which is bound to fail— 
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OF 


Wis 


any other attack is to be preierr: 
the chaos that would result from su 


In justice to the comme! 


in app! ( 

tators referred to, it ought to be uit 
ted, in the beginning, that all of them 
were right when judged from the st 
point of thelr own view and vision | 
atomism ; and this essay is justified as a) 
attempt to achieve a more adequate co! 
ception of atomism, not so much on 
basis of what it has been, but upon w 

it now appears to be. 

For our purposes, we may defin ym 
ism as a conception that the universe is 
built up of diserete units. Such a view 
would be the opposite of that which cor 


siders the units in themselves as not 

—the whole is all that there 1s. 
Without attempting to justify either 

of these views or to elaborate upon the 


lot 


suggested polarity of view-point, lk 


us 


} 


and its 


consider the atomistic conception 
contributions, since this is the approach 
that 
and is the exceptional, rather t 
common view of things 

Just who first adopted the 
way of thinking will never be 


} 


so frequently misunderstand, 


han the 


we 


atomistic 
known 
We know to a certainty that cultured 
men have discussed the matter 
ancient times. Thus the differences 
the nature and qualities of 
pearls and diamonds may well have been 


since 
In 


emeralds, 


a subject of polite conversation in those 


days. Surely, on some such occasion a 
prophet ventured the statement that only 
by taking these gems apart could their 


true nature and the basis of their d 


si 


determined. No doubt he 

ld that 
one might as well think that one could 
determine 
about a fine painting or fresco by discov 


ferences be 


was laughed out of court, and t 


something of importance 


} 


ering the nature of the pigments and 
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the vehicle used in the paint. This view 
held the field, for the main part, until 
about one hundred and fifty years ago. 
By that time the chemist had perfected 
his tools sufficiently to attack the prob- 
lems effectively. The story of the solu- 
tion is well known and need not be 
reviewed. The atomist has pursued his 
way until he is now equipped to attack 
successfully all problems relating to the 
atomic constitution and nature of 
things. Moreover, he has taken his 
atoms, formerly indivisible (by defini- 
tion), and by subdivision has achieved 
the potent electron—the electrical atom. 
In so doing, he has brought his dead 
atom to ‘‘life,’’ to his own astonishment. 
Then, in order to visualize the relations 
and behavior of this ‘‘living’’ atom, he 
has had to borrow concepts and methods 
from the great field of atomism—namely, 
astronomy. When these atomic physi- 
cists and astronomers get through with 
the chemist’s dead atom, it will be a 
strange and wonderful ‘‘creature.’ 
Now it is a surprising thing that some 
of our modern prophets wish to caution 
us against visualizing any possible inter- 
mediate realms of atomism developed on 
seales larger than the inconceivably small 
astronomical systems of the atomic phy- 
sicist and smaller than the ineconeeivably 


large ‘‘atomic’’ systems of the astrono- 
mer. Such an attitude takes no account 


of the possibility that these two realms 
are the two ends of ‘‘the same stick,’’ 
and that possibly the path that we are 
is the obvious one for 
us to explore. Fortunately, perhaps, the 
warning comes too late. The atomic 
‘*horse’’ has already been stolen and 
used with effective power by biologists 
in several ways. 

The whole history of morphology illus- 
trates on the one hand the reluctance 
of the biologist to have recourse to 
**atomic’’ concepts, and on the other the 
marvelous illumination that has followed 
their use. Eventually, however, the cell 


warned against 
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doctrine was achieved by the biologist 
and in spite of the 
seeing so little of his problem at 

time he enormous progr 
with it. 
ated more and more as the focus has bee: 


disadvantages 


has made 


} 


This progress has been accele: 


sharpened and the conceptual magnif 
tion increased. 
lem of sexual 
atomism. First, we had the microseco) 
sex elements. 
oak and then a grain of pollen from 
blossom might easily find the suggest 
ridiculous that such a minute bit of 5 
low dust could play any significant 1 
But biolog 


fart! 


For instance, the p1 
reproduction is on 


The novice shown a 2 


in the life of a great tree. 
atomism very much 
This atom of the oak has been subdiy 
until the grain of pollen becomes a ¢ 
plex system of smaller units, somé 
which actually determine the spec 
characters of the future oak-tree. 
Bacteriology in its various branc! 
Perhay 
the original indivisible atom was in t 
ease the bacillus, but as in 


has gone 


has developed its own atomism. 


the case 


the chemical atom this is apparent 
undergoing subdivision and is breaking 
down as a limiting concept. We hay 


the filtrable viruses and bacterioph 
as possible subdivisions of the bacillus 
In fact, the whole trend and the te 
deney of the recent history of the 
‘‘atom,’’ is in the dir 
subdivision, in whic! 


the biologist’s 
tion of further 
respect its fate is analogous to that 
the chemist’s atom. 

We might elaborate the discussion o! 
atomistic conceptions in biology, but th 
above is sufficient to indicate the impor 
tance and fruitfulness of the view-point 
in the last fifty or sixty years. Probably 
these developments are not directly dur 
to chemistry, but surely the workers 
these sciences have not failed to obtai: 
encouragement 
chemist in his simpler field and problems 
In fact, some of the fundamental 
vances were made by chemists working 


from the success of the 
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in these fields with their well-tried and 
proven chemical technique of thought 
and work. 

At just about this point, some one will 
wish to interject that the use of the term 
atomism in relation to morphology is, 
after all, based on analogy. The chemist 
has isolated his chemical elements, while 
the elements of the morphologist have 
never been isolated. In all fairness, we 
must admit that the geneticists have 
gone farther in the isolation of then 
‘elements’’ than any one could have 
dreamed they would twenty years ago, 
and that the word ‘‘isolation’’ in this 
connection is used in a somewhat differ- 
ent sense than that in which it is usually 
employed by the chemist. The chiet 
objection does not, however, arise in this 
eonnection. It actually arises from the 
fact that there is no known intermediate 
step between the field of these living bio- 
logical elements and that of the true 
chemical elements. Since this is th 
vange in which we pass from the animate 
to the inanimate, in our usual way of 
thinking, it constitutes an important 
step. As we have seen, the biologist 
started from the consideration of gross 
units, and is moving toward the fine; the 
chemist started his attack from the fine, 
and is moving toward the gross, as in thx 
field of colloid chemist ry, and they have 
not yet gotten close enough to join hands 
and forces to the best mutual advantag: 
Where will this union of forees occur, 
and what problem may it be expected to 
solve? To answer such a question is per 
haps unwise, but if the attempted answer 
is stimulating, it will have served a use 
ful purpose. 

It takes no especially profound insight 
to see that this union will oceur in th 
field of the chemistry and biology of pro- 
toplasm and more specifically largely in 
the field of proteins, for reasons which 
may be briefly reviewed. 

Under the conditions existing on the 
earth, carbon and hydrogen form many 
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tatively the most important factor in the 
chemical basis of life. The three main 
organic components of the cell are pro- 
teins, carbohydrates and fats. The car- 
bohydrates are, aside from their elabora- 
tion into chemically inert systems for 
skeletal support in plants, the fuel of the 
organism, par excellence. The true fats 
are essentially food reserves, and so not 
primarily concerned. This leaves the 
proteins as the quantitatively important 
protoplasmic components which consti- 
tute the foundation structure for life, 
the activities of which are essentially 
conditioned by water and modified by a 
host of other components of no quanti- 
tative importance, but which qualita- 
tively have a very great importance, the 
limits of which are at present unknown. 
May we, therefore, not say that the pro- 
teins are the chemical atoms of life, and 
just as the nature of earths is determined 
by the chemical elements of which they 
are composed, so the nature of the organ- 
ism is determined in some important 
part by the characters of its proteins. 
That is, organisms are composed of 
‘‘atoms’’ of a higher order than the 
atoms and simple molecules of the chem- 
ist that are usually considered. The 
chemist’s failure to interpret life, there- 
fore, arises from his attempt to use a 
lower order of atoms and molecules as 
his units. Such ‘‘biochemical atoms’’ 
have nothing in common with the chem- 
ical atoms when considered in one way, 
and have everything in common with 
them when considered in another way. 

The idea that there is another world 
within the range of dimensions under 
consideration is not new. It is sug- 
gested by the arresting title of one of 
Wo. Ostwald’s books, ‘‘Die Welt der 
vernachlassigten Dimensionen.’’ By in- 
corporating the idea of the neglected 
dimensions, Ostwald tried to drive home 
the fact that between the realm of molec- 
ular dimensions and that of microscopic 
dimensions there is a whole world of 
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phenomena usually called colloid chemis- 
try. It is in this realm that the pre- 
paratory work is being done which wil] 
possibly lead to the definition, at least. 
of the biochemical elements of life, and 
possibly eventually at some future tim: 
to their isolation and synthesis. W, 
are still in the alchemistie stage of this 
chemistry; our interest is chiefly t) 

transmutation of base metals into gold 
t.e., corn into hog fat and pork chops, 
and the search for the philosopher’s 
stone, t.e., condiments and cosmetics 
anesthetics and aniline dyes. When our 
quest becomes unselfish, we will step out 
of the alchemistic period into the modern 
period of this chemistry. 

Although we can not define these bio 
chemical elements, we can perhaps se 
something of how they will appear in 
general. In atomic chemistry, 
atoms may lose or gain one or a few 
electrons, and in either case, they be 
come chemically active, 1.¢., alive 
Chemical death is persistent retention 
of just the right number of electrons 
When atoms combine, presumably th 
attractions are satisfied, but if they ré 
main so in all cases, we again have 
chemical death. When molecules or 
radicals have more or less than their 
quota of energy, even momentarily, they 
become chemically active. Without 
elaborating this in further detail, it is 
obvious that every atomic system, on 
whatever scale it is conceived, will have 
properties of this sort, and consequentl; 
one of the recognition signs of an 
‘*atomic system’”’ will be this momentary 
lability or unsaturation. 

This hypothetical discussion may be 
summarized by saying that even now 
chemical data are falling into order in 
such a way as to justify the suggestion 
that the ‘‘ biochemical elements’’ of life 
will be found in the range of colloidal 
phenomena, and that if they actually 
exist they will have a complexity of this 
order. 


our 
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Filling out the atomic scale beyond 
the range of the morphologist’s units of 
eells and on into the higher ranges will 
not require so much imagination, but 
rather a fine sense of discrimination. 
For instance, an individual human being 
is a social atom. Polarity in the first 
instance arises with sex. One man and 
one woman, given suitable affinity, con- 
stitute the most stable, self-contained, 
social molecule. Two of one and one of 
the other may develop instabilities not 
manifest in the simple binary unit. In 
fact, all the characteristic processes of 
chemistry can be readily represented 
and elucidated by the use of human 
relations, including positive and nega- 
tive as well as primary and secondary 
catalysis, autocatalysis, ete. These so- 
cieties are in turn the atoms of larger 
units. Moreover, it is clear from the 
biology of insects, and of man especially, 
that this building up of more and more 
complex units is an essential part of the 
evolutionary process. So, just as there 
is a periodic law of the chemical ele- 
ments in which similar properties recur 
in a somewhat different form, associated 
with a more complex atomic structure, 
so in nature as a whole there is a com- 
prehensive periodic law, of which that 
of the chemical elements is perhaps only 
the initial stage. Similarly, just as the 
stability of a chemical atom decreases 
when the complexity of the positive 
nucleus reaches certain ranges under 
conditions that we know, so the bio- 
chemical elements of various orders 
reach limiting values. Thus, since sur- 
face increases as the square, while vol- 
ume increases as the cube, and since all 
cellular supplies and wastes must pass 
through the surface, the relation of sur- 
face to volume will show optima for 
every range of biological units. Thus, 
the yeast cell, the sponge, the elephant 
and the whale have met this problem, 
each in his own way, by developing its 
own “‘atomic’’ structure, its own or- 


Vales 
ob i 


This 
ally not evident except in synthetic or 
ganisms like an army. Here trial and 
error has developed efficiency in build 


organization is usu 


ranization 


ing up the ‘‘atomic’’ units in which the 
various problems of the existence and 
the 
organism are solved. 
ple will hold true for a leaf or 
There be an optimum 


leaves under given conditions in which 


functions of an army as a unified 


The same princi 
a city 
must size for 
the movements of the sap are balanced 
against the loss of water by evaporation, 
for instance In the case of cities, the 
problems of procuring supplies and re- 
moving wastes develop as limiting fac 
tors, not to mention other problems 
such as that of internal 
Thus, Chicago is confronted with an im 
mense problem, 
Angeles finds an adequate water supply 
an acute question, and New York is seri- 


movement 


sewage while Los 


ously limited in horizontal growth 
Many other examples might be cited, 
but these are enough to indicate that 
very likely the size of atoms in gen 
eral is determined by mechano-geometri 
eal considerations just as it appears to 
be in the chemical atom. In all 
many factors are involved in determin 
ing the size of the unit, and it would be 
unwise to attempt to define them closely 


Cases, 


in any particular case at the present 
time. 

From all the 
clear that the problem of philosophy 
and of science at present is accordingly 
not that of restricting the 
atomistic conception, but of broadening 
it into a more powerful tool in the de 


above, it is becoming 


use of the 


velopment of more adequate conceptual 
models of things in general. Probably 


every worker who has yielded himself 
to the atomistic conception of things did 
so with a secret dread that he was going 


to lose something precious, but found 
himself in the end enriched and better 
able to visualize and understand the unit 


which he had dissected. Moreover, havy- 
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ing familiarized himself with the com- 
ponents, he is better able to understand 
that the unit is more than the sum of its 
parts. Thus, a physiologically normal 
salt solution is more than the sum of the 
salt and water of which it is composed. 
In general, even within the range of the 
so-called homogeneous systems of chemis- 
try, the more complex a system is, the 
more properties it possesses and the more 
subtle some of them are even to the 
point of being indescribable and im- 
measurable. When we pass into the 
range of heterogeneous and colloidal 
systems, this becomes even more true. 
Consequently, it is easy to see why every 
thoughtful worker preoccupied with 
atomistic concepts is never unaware of 
the so-called ‘‘Gestalt’’ concept. He 
realizes that his atoms, whatever their 
seale, are composed of simpler atoms, 
and in turn constitute parts of larger, 
more complex atoms, and that any ac- 
count that he gives of the atomic sys- 
tem in which he is interested at the 
moment is incomplete. In fact, the 
atomist is the only worker who is trained 
and equipped to understand the state- 
ment that the properties of a unit are 
never merely the algebraic sum of the 
properties of its component parts, re- 
gardless of the scale upon which these 
are defined. The properties of water 
are not merely the algebraic sum of those 
of hydrogen and oxygen. A man is 
more than the sum of the chemical sub- 
stances of which he is composed or than 
the sum of his individual organs and 
tissues. 

If we revert to the illustrations used 
in the introduction, it appears that the 
chemist, who by long experience has 
learned something about carbon, is bet- 
ter prepared to appreciate the beautiful 


erystal architecture of the dia 
His knowledge of carbon prepar: 
to appreciate the greater myster 
the emerald and the pearl. Th 

chemist knows just where the t 

mastery of paint manufacture sto 
the skill of the artist begins. 

The danger that we appear t 
in science, then, is not that of too : 
atomism, but rather that of not e 
Atomism has been a tremendous): 
erful intellectual tool in the cor 
of our environment, but its su 
have consisted in two steps 
and synthesis. If we stop at an 
we are lost, and probably the wa: 
of our prophets were really dir 
against this—the error of going 


half way through. But here again, | 


classical method of chemistry s! 
help us. According to this met! 
problem is not solved until the an 
has been confirmed by the synt! 
This, after all, must be the final 
all atomistic conceptions—analysis 
lowed by synthesis. 

Finally, the writer is bound 
that if the reader has read this far 
is not reduced to a state of pr 
humility at the sight of the work 


remains to be accomplished, and at 


same time inspired by a sense of jx 


and courage at the comprehensive \ 
of what has already been done, th 
has failed to follow the spirit of 
essay. We stand as children with 
ton on the shore of the sea of tim 


\ 


‘ 


space, picking up a pretty shell or 
of coral here and there, but we ar 
mitted to have the consciousness 
the trifle that we have in hand 
some integral relation to the oc 
truth which lies beyond. 
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THE CHEMISTRY OF THE FORMATION OF 
POISONS IN PLANTS 


By Lieutenant ROBERT E. SADTLER 


MANY polsonous 
] 


foxins, toXaibumI! 


various species 


chemica 


ts which 


metabolism or serve as 

substances. For example, 
ie acid is regarded as the first 

\f nitrogen assimilation in the plant 
hese poisons also have a marked pro 
tective function to the plant. Many 

oisons occur in the insoluble form i 
the cell-sap, as morphin, atropin, digi 
talin, veratrin and musearin, without 
injury to the plant The physiological! 
effect of various poisons upon different 
species of plants is variable, due to thi 
variations in the constituency of the 
protoplasm of the plants. An alkaloid 
may act as a stimulant upon one plan 
and have a distinct toxie effect upon an 
other plant of different species. 

The toxie substance may oceur only it 
the seed of the plant, and after germina 
tion the poison may be decomposed. Ih 
certain other plants, the earlier stages 
are non-toxic, but when it reaches ma 
turity the poison is formed in the latex 
This is the usual process in the forma 
tion of nareotie substances. In other 
eases, the poison is formed by the reac 
tion due to the contact between two dif- 
ferent tissues or parts of the same plant 
Hydrocyanie acid is formed in this man- 
ner from the glucoside, amygdalin, by 


contact with an enzyme’ emulsion. 


Amygdalin occurs in the leaves of the 
cherry-laurel, and in the bitter almond. 

The chemical activity of the individ 
ual vegetable poison is largely depen- 
dent upon the age of the plant produc- 
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plants, the poison passes from the leaves of certain kinds of opium is 
and becomes coneentrated in the seed. to climatie conditions hese ¢ 


Experimental work has shown that some also affect the amount of nico 


plants are less toxic in summer than _ in tobacco. The percentag 
they are in fall, winter and spring. tobacco varies from one ha 
Plants which illustrate this principle are cent. to 8.8 per cent., largely dep 
cowbane Ci uta maculata : and mus- upon soll and climatic condi ions. © 
quash-root (Cicuta vagana). The fact chemieal products of plants van 
has also been definitely established that climatic conditions also to a consi 
plants lose much of their toxicity as they degree. 
approach the flowering stage. The Poisonous plants are usually v 
largest amount of acrid toxie substance tile. Culture of poisonous plants 
is concentrated in the plant in spring. eliminate the poisonous substance 
This has been shown by experiments’ the plant. Illustrations of this 
with the opium plant and larkspur. seen in wild vetch and aeconité 
llowever, there are some plants such as when cultivated lose most of thein 
the mountain laurel which are most properties. Also certain forms 
toxle in winter. bacteria, 6.0... Streptococ us py 
The content of hydrocyanic acid in lose their pathogenic properties 
plants also varies with the seasons. Ex- cultivated. However, there ary 
periments with the plane-tree have plants which retain their toxici 
shown that the hydroevanie acid eontent though they have been extensive] 
is greatest in young leaves. Experi- vated for centuries 
ments with other plants indicate also Toxie substances usually have 
that as the poison becomes concentrated distribution in related species of p 
in the pod, the leaves become less toxie. For example, hvdroevanie acid 
The exact part played by soil in the from 2.2 per cent. in the kernels of 
formation of the poisonous constituents peach to 4.8 per cent. in the 
of plants has not been fully determined. almond. 
It is known that caleareous soils affect There is also a wide distributio 
the color of certain poisonous plants and toxie substances in plants that ar 
decrease their toxicity. phylogenetically related. The in 
Climate has a significant influence glucoside poison, saponin (C,,H.,P 
upon plants, for example, cherry-laurel occurs in many different plants w 
and aconite, which are poisonous in widely varying botanical character 
temperate regions, lose their toxicity as quillaia and soap-wort. 
when taken into colder regions. More Some of the most important fan 
poisonous species of plants are found in’ of plants having species which cont 
tropical regions than in colder zones, saponin are: Rutaceae, Sapotac 
largely because of the heat and hu- Saxifragaceae, Simarubaceae, Sol 
midity. ceae, Tiliaceae, Araceae, Begonia 
The relative humidity of climatic Berberidaceae, Caryophyllaceae, C 
zones affects the quantity and quality of positae Arnica Convolvula¢ 
vegetable poisons produced in the plant. Dioseoreaceae, Euphorbiaceae, Fi 
Dry climates produce a greater amount Graminae, Hippocastanaceae, Legun 
of glucoside which can be converted into seae, Liliaceae, Loganeaceae, Myrtac 
hydroeyanie acid (by hydrolysis) than Oleaceae, Passifloraceae, Polemoni 
moist regions. For example, the amount Polygalaceae, Primulaceae, Ranun 
of alkaloid in the cola-nut varies with ceae, Roseaceae, and Rubiaceae. 


the climatic zone. The superior quality The most important families of p! 
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ning glucosides yielding hydro- occurs 
acid are: Gramineae, Compositas anothe) 
salt grass, wild rye, ete.),  poisor 
inculaceae, Filices, Euphorbiaceae, The 
Saxifrage family. Of this last summari 
7. the most toxic plant is Jamesia poison 
Rocky Mountain shrub. some 
One of the most important classes of table 
le poisons—the toxalbumins—are ferred 


oduced by the action of bacteria and duced 


ingi. Some of the most important of some of t 


ese poisons are found in the plant tain specifi 
‘es, as phallin, abrin and ricin, which acid, ocem 


STUDENT HEALTH SERVICES AND MODERN 
MEDICINE 


By Dr. J. HOWARD BEARD 


NIVERSITY 


l'ne progress of modern medicine is’ to practice, the numbe tudent 
termined by three factors: a sufficient tering medical schools ! 1919 
umber of well-trained physicians, fruit- shown an increase of about 1,000 
il research and a publie who appr annum. As only 
ites the possibilities of medicine to matriculating 
serve it. The greatest of these three is steady increase in 


n intelligent public, sympathetic with the M.D. degree not 


the medical profession and ready to give Placement of tl 
public health administration the neces- ecome inactive bi 
sary moral and financial support to make the annual addition 
t commensurate with scientifie know! There is no shot 
} the country as ; 
certain irregul: 
MepicaL TRAINING that are due 


. - economic and yrotessional 
'here are approximately 149,521 doe- ' : 

, . ‘ oY hee : associated with density of 
rs in continental United States, which ee 
a Pes rapid transportation and 
s one physician to every 793 persons in 
the population. The total deaths in the 


rofession during 1927 was 2.790. The 


of hospital and laboratory 
the practice of modern m 
, : rapid increase in the m 
— ol graduates of medical schools proved roads is mak 

‘the year ending June 30, 1928, was 
929 «tL: ‘s ; ee é' | 
+262, which, without allowing for the jg doing much to reli 

ure of the two periods to coincide, is tions of the 


country mutually 


disadvantages d 
et gain of 1,472 doctors for the year. equal distribution of doctors 
In spite of the requirement of high The above considerations 
ol graduation, two years’ college sented to emphasize the fact 
ication, four years’ professional train- ever its handicaps, moder 


ind a year’s internship to be eligible not likely t etarded 
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sufficient number of 


phvsicians to practice it. 
; ! 


PRODUCTIVE RESEARCH 


The epochal contributions to medicine 
during the last fifty years prove that 
medical progress has not been sé riously 
impeded by the want olf discovery dur 
ing the last five decades. Medical knowl- 
edge has increased more in the period 
from Pasteur to Banting than from the 
beginning of the practice of medicine by 
ancient priests to 1870. Research has 
been overwhe Imingly prolifie and its re- 
sults revolutionary. The profession has 
been swamped with facts and technique 
until in self-defense its members have 
been compelled to limit their activities 
to escape superficiality and to make it 
possible to exploit adequately a particu 
lar field. 

In brief, this is the story of the crea- 
tion of the hundred and one specialties 
of medicine. Likewise, it is the history 
of productive investigation at the bed- 
side, in the clinic, in the laboratory and 
in the great institutes of research. To- 
day, discovery follows discovery with 
such rapidity that there appears to be 
no decrease in the fertility of research. 
There is no indication that medical 
progress will halt because of the failure 
of scientific investigation to mine new 
facts. 

THe PERPLEXITY OF THE PUBLIC 

If the profession has had to narrow its 
front to increase its depth and strength, 
what is the perplexity of the average 
layman when he contemplates medicine 
in its relation to himself, his family and 
his community? If it is true that the 
average citizen’s knowledge of medicine 
is on the average three generations be- 
hind the profession, how out of date 
must be his medical conceptions when 
medicine has acquired more facts in the 
last five decades than in the previous 
five thousand years? 


In the disparity 
knowledge and publie 
found the explanation 
that of a graduate 
putting a fly blister on 
influenza out of his mouth, 


the paint l 


dinane 
medical protession, 
of the army and 
Service and by 
Department ot 
the reason for 
glazing his home with 
to protect his children 
when two minutes out oi 
worth fifteen hours inside 
teen feet from the window. 

It should cause no surpri 
viduals otherwise known fo1 
lent judgment are found wors] 
the shrines of pseudoscience 
scientific medicine. Current 
portray the virtues of glorified 
tics, the miracles wrought by 


wonders accomplished by artifi 


the preposterous claims 
proprietary, food 

means least the ‘ 

derived by maidens reaching 
ette instead of a sweet. 

In such advertisements 
twisted cleverly to trap both 
rant and the gullible. Sue 
appeals block the progress o 
by filling the layman’s mind w 
eal ‘‘bunk’’ and _ scientific 
Neither medical training nor ! 
can meet such a situation 
alone is the solution. 

The publie is be coming mort 
enmeshed by cults, ‘‘-isms,’’ 
and therapies. In the year 192! 
dooism is reported to be wide-sp! 
some of the most prosperous cou 
one of the oldest and most en 
states of the union. Even mu 
committed by its exponents to get 
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La 
has 
I 


1 <7 
nt ly 


ed, more abl 


1 ] 
the trutl lS 


imph, the odds _ favor uackery 


ile ; fie fact is singular, fraud 


It is 


e to buy than 


biology, physics and chemistry 


} | "Os | 
CUl i I 


yredisposed to deg 
is system, and civil 
in his uncivilized brother. 
son and for iit tact that 
regularity, nations have risen only 
‘av, CC rtain observers have seen in 
ization the symptoms of diseass 
se end is national dissolution. If 
ich views are correct, modern medicine 
is a challenge which will tax its every 


source, 
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medicine faces a gigantie task in making StrupEent Hi 


its performance commensurate with its \ 


ee student health ser 

possibility : 
: center within an Institut 

THe TREND OF THE HEALTH learning. It is dedicated 
MovEMENT tion that constructive dynar 


+ 


rom isolation practiced by the the best environment 
ancient Hebrews and later legalized as science can provide, is t 
quarantine by the Venetians, pre ventive heritance of eve ry individ 
medicine entered an era of sanitation. this ideal it teaches the st 
From an epoch of ‘‘clean-up,’’ it has ciples of hygiene and sanit 
ly personal. Therefore, relate to him, to his home, t 


its future depends upon the success of and to his community. 


become intimate 
making every intelligent citizen an classroom instruction, 
active public health worker, otherwise physical examination, the 
majority action to obtain individual ference, demonstration o 
benefit is impossible. and the maintenance 0! 
To-day the periodie physical examina- roundings. It strives 
tion and health education are declared leader of to-morrow 


to be the most hopeful means by which derived from __hospit 


; 


modern medicine can further inerease health and modern medic 

the average expectancy of life, promote such knowledge will mean mu 
physical efficiency and insure national to his family, to his community 
vitality. If such are to be its weapons nosis, to treatment, to the equipn 
in a new day to meet new conditions, maintenance of hospitals and to1 
there is no agency anywhere in a more vigor. 

strategic position to serve the publie and It is the purpose of hea 

to advance the progress of medicine than neither to pauperize nor pat 
a student health service in an institution students nor to socialize medicin 
of higher learning. In their ability to put the college graduate and thy 
serve society is the seeret of the phe- cian shoulder to shoulder to 
nomenal development of these depart- advantage in serving society, i 
ments in universities, colleges and nor- ing scientifie medicine and it 
mal schools better world 
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THE THIRTEENTH INTERNATIONAL PHYSIOLOGICAL CONGRESS AT 
HARVARD UNIVERSITY 
INTERNATION AI ‘j ifie congresses 
but rarely in the Un States be 
e the wal Since the resumption o 
rational relations there have bee 
ngresses of botany, agriculture and 
tomology ; now congresses of physiol 
al cl psychology have been he a he kl 
mrmer at Harvard, the latter at Yal 
hese congresses were successful bevond 
xpectation, most of all 1 attendan 
om abroad, although t numbe1 
merican members and the number o 
ers presented by them are 
thy This is fortunate, for as on 
the speakers is reported in the dail 
ress to have said: *‘ International co 
eresses are significant factors in the ad 
incement of scientifie research: the: 
promote international cooperation 
nd good-will. The objects of the se 
nees are more ideal than the objects 
he churches; their practices are more 
hristian. When in the fulness of tin 
re IS a family of the nations, 
ach will give according to it 
and receive according to its needs, when 
war among them will be as absurd as it 
would now be for members of this con 
gress to begin murdering one anothe) 
this will be due in no small measure t 
cooperation among scientifie men of al 
nations in their common work.”’ 
The number of members registered at — by arenn 
the Physiological Congress held at Bos lw answered questions 
ton and Cambridge during the third “renehn and Ame 
week of August eve ntually reached 1,654 
This is more than twice as many as have as the formanes 


been enrolled in any previous congress. he swiftly rendered 


Especially remarkable is the apparent fessor Pavlov into 


+ 


tact that more Europeans were in at At the opening 
tendanee here than ever on their own Sanders Theater, 
ontinent. Of the registration reckoned General Hugh S 
hove, 1,229 names were entered in sea Public Health 

son to be printed on the program A ot weleome 
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AT THE INTERNATIONAL PHYSIOLOGICAL CONGRESS 
PROFESSOR PAVLOV, OF LENINGRAD, AND PROFESSOR CUSHING, OF THF \I D MEDICAL S 
AND THE Peter BENT BricttAM HOSPITAL. PROFESSOR PAVLOV, rINGUISHED MEM 
THE PHYSIOLOGICAL AND PSYCHOLOGICAL CONGRESSES, CELEBRAT IBER HIS } 


BIRTIIDAY. 
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AY Un ~~ 


‘a 





THE INTERNATIONAL PHIYSIOLOGICAI 
Remp HUNT, PROFESSOR © An) I] 


States government. He was followed by following — thi 
Lieutenant-Governor William S. Young Professor Krogh 
man who welcomed the members of the ophysiologica 
congress on behalf of the Commonwealth — versity of Copent| 
of Massachusetts. President A. Law winner for hi 
rence Lowel] ereeted the congress and 

weleomed it to Harvard University 

The last of the addresses of weleome was 

delivered by the president of the con 

gress, Professor William H. Howell, ot 

the Johns Hopkins University. An ad 

dress on ** The Progress ol Physiology i 

by Professor August Krogh, of the Uni 

versity ot Copenhagen, was delivered 
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JAMES ROWLAND ANGELL 
*RESIDENT OF YALE UNIVERSI AND VICE-PRESIDENT OF 
CHOLOGY. Dr. ANGELL WAS PROFESSOR OF PSYCHOLOGY 


1S94 TO 1920. 
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PSYCHTIOLOG] 


gvresses ’ was” deliv red by Professo 
| the Second 


International Congress, which was held 


Léon Frederica, president oO 


in 1892 in Liége, where he is now pro 
fessor emeritus. 

It has been of interest to analy ze the 
list of communications with the object 
of finding out whether particular sub 
jects are receiving unusual attention 
One might guess that this would prove 
true of the endocrine system, vitamins, 
the effects of radiant energy and electro 
physiology. sut when the tabulation 
made the distribution seems to be rr 
markably impartial. If the chapter 
headings from a standard text were used 


? 


to classify the titles there would be no 


disproportionate massing under any 


them. There are workers in every field 
and they do not migrate in large num 
bers. One subject at least—H-ion con 
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PSYCHOLOGISTS AT YALE UNIVERSITY 
\ GROUP TAKEN IN ONE OF THE COURTS OF YALE UNIVERSITY SHOWS PAR 
ASSEMBLED. SEATED IN THE FRONT ROW ARE MEMBERS OF THE AME 
BEGINNING AT THE CROSS ON THE I ARE PROFESSOR ANGIER, O} 
COMMITTEE; PROFESSOR LANGFELD, OF PRINCETON, FOREIGN SE¢ 
OF YALE AND VICE-PRESIDENT OF THE CONGRESS; Dr. 
PROFESSOR WASHBURN, OF VASSAR; PROFESSOR PI 
OF PRINCETON; PROFESSOR BENTLEY, CORNELL; 


SECRETARY; PROFESSOR BORING, OF 


THE NINTH INTERNATIONAL CONGRESS OF PSYCHOLOGY AT YALE 
UNIVERSITY 
Tue International Congress of Psy- unable to be present, so the 
chology met at Yale University from bership was 993 from about 1,100 Am 


September 1 to 8, with a total attendance ican psychologists. The situation tl! 
of 1,051. Of these 123 were from differs from that of the Physiologi 


abroad, Canadians and Mexicans being Congress where foreign members 
counted as Americans. There were foreign papers were relatively m 
present 722 members and associates of numerous. This, however, represent 
the American Psychological Association, the international situation, for fully 
which is a remarkable record, for the half the psychologists of the world 
association has in all 893 members with Americans. In one of the papers 
about 200 recommended for membership sented at the congress it was shown t 
and ineluded among those to whom invi among the contributions abstracted 


tations were sent There were, in addi Psychological Abstracts during th 


tion, 271 American members who were’ two and a half vears, 5449 wer 
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PSYCHOLOGISTS A 


e United States, 1.549 from Germany, 
S36 from Great Britain and its domin 
ons, 811 from France, 218 from Italy, 
149 from Russia and 371 from othe 

tions. There were presented before 

e congress about 360 papers by Ame} 
cans and 97 papers by foreign members 

The American members were from 42 
states and from Porto Rieo, Canada and 
Mexico. New York led with 196, fol 
owed by Massachusetts 80, Illinois 42 
Pennsylvania 40 and Connecticut 39 
lwenty-one foreign countries were rep 


esented., those with five or more mem 


ers being England 22, Germany 17, 


Soviet Russia 10, Netherlands 8, India 


YALI 


wer 


| 


NIVERSITY 


President 


a n’ of 


ol 
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Dr 
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PSYCHOLOGISTS A 


Dr. J. MeKeei 
‘*Psychology In Amer- 


the president, 
was then ive non 
but few formal meet- 
at New Haven, 
but the arrangements for lodging in the 
and for 
the best 


ica.’ There were 


ines or entertainments 
Harkness dormitory 


Hall 


possible facilities for social 


beautiful 
meals in University gave 
meetings. 


that of the 


were 


The program differed from 
that 


le etures 


physiologists in ther each 
by distin- 


Amer- 


and on 


evening two given 
vuished foreign members with one 


L. Thor ndike . 


pre sident 


ican, Protessor E. 
one evening the address of the 
of the American Psychological Associa- 
Dr. Karl 8S. 


University of Chicago. 


tion, Lashley, now of the 
There were usu- 
ally three sessions in the morning for in- 
vited contributions, papers from foreign 
here In the 
there simul- 


members predominating. 


afternoon were numerous 
which all psycholo- 
to 


The diseussions 


sections at 
had 


given an opportunity. 


taneous 


gists who research report were 


at these sections, often confined to a rela- 


Cattell, 


T 


YALE UNIVERSITY 


tively small and defi: 


special interest, 


Arrangements tor the entert 


ot the lorelen 


PuUeSTS Were not 


the meetings at Harvard nd \ 
\ Page ps 

Many of them were provided w 
ture engagements before and 
congress which assisted in defr; 
expenses of trave For exam] 
state universities arranged to 


part ol their SESSIONS 


on psychology given by six disting 


forelen psychologists, each visit 
university for a week After the P 
logical Conger SS the foreig@) 


were taken to Woods Hole by m 

and then by boat to New 

whole week was given to « 
5 


S oO se 


excursions and visi 
An excursion was then 1 
The 


entertained 


tutions. 





Canada. tore 
he 
Princeton and Columbia and 
at Harvard, 
Smith 


Woods Hole 


Ign PSVENOILOGISIS 


Pore the eongres iH 


trips arrang 


with 
Clark U 


College. hniversil 


